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Description

COMBINATION GENEDEUVERY VEHICLES

5 Field ofthe Invention

The field of the present invention is recombinant nucleic acid vectors and

other vehicles suitable for the introduction of nucleic acid molecules having desirable

properties into a plant or an animal, where the vehicle may, for example, express a desired

substance or incorporate into a specified nucleic acid molecule, and methods of combining

1 0 and administering the same.

Background ofthe Invention

Recent advances in the fidd of biotechnology, including the engineering of

desirable nucleic acid molecules, have given rise to significant advances in the treatment of

15 diseases such as cancer, genetic diseases, arthritis and AIDS. Many of these advances

involve the administration of desirable nucleic acid molecules to a subject, particularly animal

subjects such as human subjects. The administration of more than one (/.e., multiple) such

nucleic acid molecule at one time would provide significant advantages because multiple

nucleic acid molecules can provide complementary substances or activities to a single organ

20 or joint. Thus, for example, a nucleic add molecule encoding a cytotoxin can be

administered along with a a nucleic acid molecule that increases the susceptibility of target

cells to the cytotoxin.

Administering multiple complementaiy substances and/or activities at one

time and on more than one nucleic acid molecule provides significant advantages over

25 administering such substances and/or activities on a single nucleic acid molecule. The

difficulty, cost and time to engineer multiple nucleic acid molecules is much less than

engineering a single molecule. For example, there are fewer diflBcuhies with expressing a

single substance or activity on one molecule, where each substance is under the control of its

ovm expression system, than expressing multiple substances or activities ft-om a single

30 system. Further, with the use of multiple molecules, there is less chance that one substance

or activity will sterically hinder or otherwise interfere with another substance or aaivity. The

use of multiple molecules also permits the expression of difierem substances or activities

fi'om expression systems subject to differing activating events, thereby permitting better

control of differentia] expression ofthe different substances or activities.

35 However, the administration of multiple nucleic acid molecules has been

discouraged in the past because there has been a perceived concern that such administration
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would increase the likelihood of random, potentiaUy harmfiil recombination events between

the molecule and the host's genome.

In addition, it was perceived tiiat administration of independent multiple

nucleic acids that expressed agents having some degree of synergy was undesirable because

5 tiiat synergy would not occur if Uie two active nucleic add sequences were not linked

physically.

Thus, Acre has gone unmet a need for the administration of multiple nucleic

acid molecules carrying multiple helpful subsUmces or activities. The present invention

provides such administration ofdesired nucleic add molecules, compositions containing such

10 desired nuddc add molecules, and other, rdated advantages.

ffl,Tpm«rvnfthe Invention

In one aspect, the present invention is directed towards a method ot

introducing nucleic add molecules to an animal or patient comprising administering a

15 composition comprising two or more gene ddivery vdiides to the animal, each of the gene

delivery vehides containing a nuddc add molecule not naturally contained within its

corresponding gene ddivery vdiicle, in combination with a pharmaceutically acceptable

carrier or diluent.

In another aspect, the present invention is directed towards a method of

20 introducing nuddc add molecules to an animal or patient comprising administering a

composition comprising two or more gene delivery vehides to an animal or patient, each of

the gene delivery vdiides directing the expression of at least one substance in host cdls

containing the gene deUvery vdiides, tiie substance not naturally expressed by its

corresponding gene deUvery vehide, the gene delivery vehides a) collectively directing the

25 expression of at least two different substances, or b) directing the expression of at least one

substance v^rherein the gene delivery vdudes differ in one or more biological functions, in

combination with a pharmaceuticaUy acceptable carrier or dihiait.

In a further aspect, the presem invention is directed towards a method of

introducing nucleic acid molecules to an animal comprising administering a composition

30 comprising two or more gene deUvery vehicles to an animal, each of the gene deliver>'

vehides containing at least one biologically active nuddc add molecule wherein such

biologicd activity is not naturally present in its respective gene ddivery vehide. the gene

delivery vehides a) collectively containing at least two different biologically active nudeic

acid sequences, or b) containing at least one biologically active nuddc add sequence

3 5 wherdn the gene delivery vehides differ in one or more biological functions, in combination

with a pharmaceutically acceptable carrier or diluent.
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In stiD a further aspect, the present invention is directed towards a method of

introducing nucleic acid molecules to an animal comprising administering a composition

comprising two or more gene delivery vehicles to an animal, at least one of the gene delivery

vehicles directing the expression of at least one substance not naturally expressed by its

S corresponding gene delivery vehicle, and at least one ofthe gene delivery vehicles containing

at least one biologically active nucleic acid sequence not naturally contained within its

corresponding gene delivery vehicle, in combination with a pharmaceutically acceptable

carrier or diluent.

In yet another aspect, the present invention is directed towards a method of

10 introducing nucleic add molecules to an animal comprising administering two or more gene

delivery vehicles to an animal at the same time and same site via a single administration

device, each ofthe gene delivery vehicles directing the expression of at least one substance in

host cells containing the gene delivery vehicles, the substance not naturally expressed by its

corresponding gene delivery vehicle, the gene delivery vehicles a) collectively directing the

15 expresaon of at least two dififerent substances, or b) directing the expression of at least one

substance wherein the gene delivery vehicles diflFcr in one or more biological functions, in

combination with a pharmaceutically acceptable carrier or dOuent.

In yet a further aspect, the present invention is directed towards a method of

introducing nucleic acid molecules to an animal comprising adnunistering a composition

20 comprising two or more gene delivery vehicles to an animal, the method comprising the steps

of a) separately preparing a first gene delivery vehicle and a second gene delivery vehicle,

each of the gene delivery vehicles directing the expression of at least one substance in host

cells containing the gene delivery vehicles, the substance not naturally expressed by its

corresponding gene delivery vehicle, the gene delivery vehicles i) collectively directing the

25 expression of at least two different substances, or ii) directing the expression of at least one

substance wherein the gene delivery vehicles differ in one or more biological functions, b)

combining the first gene delivery vehicle and the second gene delivery vehicle with a

phannaceutically acceptable carrier or diluent to provide the composition; and c)

administering the compo^tion to the animal.

30 In preferred embodiments, the present invention is directed towards methods

as set forth above wherein the pharmaceutically acceptable carrier or diluent enhances the

administration ofthe gene delivery vehicles.

In other preferred embodiments, the present invention is directed towards

methods as set forth above wherein the substance or the biological activity is not exhibited in

35 the animal prior to the administration. In yet other preferred embodiments, the present
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invention is directed towards such methods wherdn the biological activity is not exhibited in

the host cells prior to administration.

In other preferred embodiments, the present invention is directed tovvards

methods as set forth above wherdn the biological activity con^>lements, activates, replaces

5 or suppresses a biological activity presentm the host cells prior to administration.

In still other preferred embodiments, in the methods of the invention, the

composition comprises a firet gene deUvery vehicle directing the expression of an antigen

stimulator and a second gene deUveiy vehicle directing the expression of a cytokine or an

immune activating protein; wherein a first gene delivery vehicle directing the expression of an

1 0 enzyme capable of activating a conditionally lethal gene product and a second gene delivery

vehicle directing the expression of a cytokine; and wherein said gene delivery vehicles direct

the expression oftwo or more antigens.

In alternative preferred embodiments, in tiie methods of tiie invention, at least

one of said gene deUvery vehicles directs tiie expression of a systcmically distributed gene

15 product or a locally distributed gene product; preferably, tfie gene product is a protein, and

further preferably an immune suppressing protein.

These and other aspects of the present invention will become evident upon

reference to the foUowing detailed description. In addition, various references are set forth

herein which describe in more detail certain procedures or compositions; such references are

20 incorporated by reference in their entirety.

BriefDescription ofthe Dravyines

Figure 1 is a schematic illustration which outlines the recovery of Hepatitis B

e sequence fi'om ATCC 45020.

25 Figure 2 is a diagrammatic representation ofthe nucleotide sequence ofHBV

(adw) precore/core (SEQ ID. NO. 23) and tiie region of tfie incorrect sequence from pAM6

(ATCC 95020) clone (SEQ ID. NO. 24).

Figure 3 is a schematic representation of tiie protocol utilized to correct the

mutation in HB precore/core sequence frompAM6 (ATCC 45020).

30 Figure 4 is a DNA sequencing gel showing tiie corrected nucleotide

sequences from SK'*HBe-c.

Figure 5 is a table showing tiie level of expression ofHBVe protein and HBV

core protein from the foUowing retrovirally transduced murine ceU lines BCIOME, Bl/6. L-

M(TK'). EA2K^ and retroviraUy transduced human T-cell Une JA2/K as determined by

35 ELISA.
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Figure 6 is a Western blot showing immunoprecipitation/expression of

secreted pl7 kD HBV e protein and p23 kD pre-core intennediate protein by retrovirally

transduced BCIOME and BI/6 cells. This blot also shows expression of p21 HBV core

protein in cell lysates from retrovirally transduced BCIOME cells.

S Figure 7A is two graphs which show induction of antibody responses against

HBVe antigen in Balh/C and C57B1/6 mice injected with syngeneic cells expressing the

antigen, or, by direct injection with the retroviral vector encoding HBVe antigen.

Figure 7B is two grq>hs whidi show induction of antibody responses agdnst

HB/core antigen in Balb/C (BC) and C57B1/6 (B16) mice injected with synergeiuc cells

1 0 expressing the HBV core antigen.

Figure 8 schematically illustrates the cloning ofmurine gamma-interferon into

a replication defeaive retroviral vector.

Figure 9 is a Western blot which depicts MHC Class I protein expression in

L33 and B16F10 cell lines.

15 Figure 10 iQustrates the constniction ofthe plasmids carrying the veaors TKl

(without SV-Neo) and TK3 (plus SV-Neo).

Figure 11 is a graph illustrating the eflFect of Ganciclovir on in vivo

transduced CT26 cdls by injection ofTK-3 vims containing the HSVTK gene.

Figure 12 is a gr^h demonstrating retention of viral activity upon

20 reconstitution of a representative recombinant retrovirus lyophilized in a formulation buffer

containing maiuiitol.

Figure 13 is a graph demonstrating retention of viral activity upon

reconstitution of a representative recombinant retrovirus lyophilized in a formulation buffer

containing lactose.

25 Figure 14 is a graph demonstrating retention of viral activity upon

reconstitution of a representative recombinant retrovirus lyophilized in a formulation buffer

containing trehalose.

Figures 15A-15D are representative graphs comparing stability of liquid non-

lyophilized recombinant retrovirus stored at -80X versus lyophilized formulated recombinant

30 retrovirus stored at -20*C, using various saccharides. For ease ofcomparison, the titers have

been normalized.

Figure 16 is a graph showing induction of CTL responses against HBV core

antigen and HBV e antigen in the C3HZHe mice after i.m. administration of HBV core

formulated HB Fcore/neo'^ vector.

35 Figure 17 is a graph showing that CTL response against HBV core antigen in

the C3H/He CR mice are MHC class I restricted.
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Figure 18 (panels A & B) is a pair of gr^hs showing that CTL response

againstHBV core antigen in the C3H/He CR nuce are CD4 CD8* cells.

Figure 19 is a table which shows induction of antibody responses against

HBV core antigen in C3H He CR mde injected with fonnulated HB Fcore/neo'^ vector.

5 Figure 20 is a table showing the isotypes of the antibody responses agwnst

HBV core antigen and HBV e antigen in C3WHt CR mice injected with formulated HB

Fcore/neo* vector.

Figure 21 is a graph ^ovnng induction ofCTL responses against HBV core

antigen and HBV e antigen in rhesus macaques after intramuscular injection of formulated

10 HB Fcore/neo* vector.

Figure 22 (panels A & B) is a pair of graphs showing that CTL responses

againstHBV core antigen in the rhesus macaques are CD4'CD8* cdls.

pp^ailed Description ofthe Invention

15 The presoit invention is directed towards the combination of multiple, i.e.,

two or more, gene delivery vehicles ("GDVs") witit a phaimaceuticaUy acceptable carrier or

diluent to provide a pharroaceutically acceptable con^osition, and tiie administration of such

a composition to an animal. The administration ofmultiple GDV in a single composition, or

at the same time and site via a single administration device, provides numerous advantages

20 over previous metijods of treating diseases or other pathogenic agents tiiat included the use

of a GDV. The administration of multiple GDVs is desirable where the level of expression

from genes carried by different GDVs is different from one GDV to the other, when it is

preferred tiiat the elicited response be predominantly against a gene product from one GDV.

or if an immediate response is required from one GDVs gene product and a delayed or

25 priming response is reqiured from the other.

I. Gene Delivery Vehicles

Gene Delivwy Vehicles are recombinam vehicles, such as viral vectors,

nucleic acid vectors (such as plasmids), naked nucleic add molecules such as genes, nudeic

30 acid molecules completed to a polycationic molecule capable of neutralizing the negative

charge on tiie nucldc acid molecule and condensing the nudeic add molecule into a compact

molecule, nucldc adds assodated with liposomes bacteria, and certain eukaryotic cells such

as producer ceUs, that are capable of delivering a nudeic add molecule having one or more

desirable properties to host ceUs in an organism. As discussed further below, the desirable

35 properties include the ability to express a desired substance, such as a protein, enzyme or

antibody, and/or the abUity to provide a biological activity, which is where the nuddc add
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molecule carried by the GDV is itself the active agent without requiring the expression of a

desired substance. One example of such biological activity is gene therapy where the

delivered nucleic acid molecule incorporates into a specified gene so as to inactivate the gene

and "turn oflP' the product the gene was making.

5 Typically, the GDV is an assembly that carries a nucleic acid molecule (or

sequence), such molecule often capable of expressing sequences or genes of interest. In the

context of protdn expression, the GDV nnist include promoter elemems sudi as for RNA
Polymerase n or an RNA replicase and may include a signal that directs polyadenylation. In

addition, the GDV, when transcribed, is preferably operably linked to the molecules or genes

10 of interest and acts as a translation initiation sequence. The GDV may include a selectable

marker such as neomycin, thymidine kinase, hygromycin, phleomydn, histidinol, or

dihydrofolate reductase (DHFR), as well as one or more restriction sites and a translation

termination sequence. In addition, ifthe GDV is used to make a retroviral particle, the GDV
must include a retroviral packaging signal and LTRs appropriate to the retrovirus used,

15 provided these are not already present. The GDV can also be used in combination with

other viral veaors or inserted physically into cells or tissues as described below. The GDV
may include a sequence that encodes a protein or active portion of the protein, antisense or

ribo2yme. Such sequences may be designed to inhibit MHC antigen presentation in order to

suppress the immune response ofcytotoxic T-lymphocytes against a transplanted tissue.

20 Particularly preferred viral vectors for use as a GDV within the present

invention include recombinant retroviral vectors and recombinant adenovirus vectors. The

construction of recombinant retroviral vectors is described in greater detail in an application

entitled "Recombinant Retroviruses" (U.S.S.N. 07/586,603, filed September 21, 1990) (this

reference and all other references cited with this application are expressly incorporated herein

25 in their entirety). These recombinant retroviral vectors may be used to generate transduction

competent retroviral vector particles by introducing them into appropriate packaging cell

lines {see U.S.S.N. 07/800,921 filed November 29, 1991). Similariy, adenovirus vectors may

also be readily prepared and utilized given the disclosure provided herein (see also Berkner,

Biotechniques 6:616-627, 1988, and Rosenfeld etal., Science 252:431-434, 1991, WO
30 93/07283, WO 93/06223, and WO 93/07282).

In another preferred embodiment, the one or both of the GDVs is a Sindbis

RNA expression vector that includes, in order, a 5' sequence which is capable of initiating

transcription of a Sindbis virus, a nucleotide sequence encoding Sindbis non-structural

proteins, a viral junction region, a heterologous sequence, a Sindbis RNA polymerase

35 recognition sequence, and a stretch of 25 consecutive polyadenylate residues. A wide variety

of heterologous sequences may be included in the GDV. Within various embodiments of the
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invention, the (HJV may contain (and express, within certain embodiments) two or more

heterologous sequences.

Other viral vectors suitable for use in the present invention include, for

example. poUovirus (Evans etal.. Nature 339:385-388. 1989. and SaWn. J. of Biol.

5 Standardization 7:115-118. 1973); rhinovinis (Arnold, /. CeU. Biochem. L401-405, 1990);

pox vimses. such as canary pox virus or vaccinia virus (Fisher-Hoch et al., PNAS 5tf:317-

321 1989; Flexner et al., Ann. N.Y. Acad Sci. 569:86-103, 1989; Hexner etal.. Vaccine

«: 17-21. 1990; U.S. Patent Nos. 4.603.112 and 4,769,330; WO 89/01973); SV40 (Mulligan

etal.. Nature 277:108-114. 1979); mfluenza virus (Luytjes et al.. Cell 59:1107-1113, 1989;

10 McMicheal et al.. The New England Journal ofMedicine 309:13-17, 1983; and Yap et al..

Nature 273:238-239. 1978); pavoviiuses such as adeno-associated vims (Samulski et al.,

Journal of Virology 63:3822-3828, 1989, and Menddson etal.. Virology J66:154-165,

m9),htrpes(Kit,Adv. Exp. Med Biol. 275:219-236, 1989); HIV; measles (EP 0 440.219);

measles (EP 0 440.219); astrovinis (Munroe, S.S. et al., J Vir. 67:3611-3614, 1993);

15 Semliki Forest Virus, and coronavirus, as weU as other viral systems {e.g., EP 0,440,219;

WO 92/06693; U.S Patent No. 5,166,057). In addition, viral carriers may be homologous,

non-pathogenic (defective), replication competent virus (e.g., Oveibaugh et al.. Science

239:906-910, 1988).

In a prefeired embodiment, where the GDV is a retroviral vector, the nucleic

20 add molecules carried by the retroviral vector should be of a size sufficiert to allow

production ofviable virus. Within the context ofthe present invention, the produrtion ofany

measurable titer of infectious virus on susceptible monolayers is considered to be

"production of viable vims." Within preferred embodiments, a heterologous sequence within

the retroviral vector GDV wiU comprise at least 100 bases, at least 2 kb, 3.5 kb, 5 kb, or 7

25 kb. or even a heterologous sequence of at least 8 kb.

Nucleic acid molecules without any covering, such as a viral capsid or

bacterial ceU membrane, are also suitable for use as a GDV within the present invention.

Such "naked" nucleic adds include plasmids, viral vectors without coverings, and even naked

genes without any control region. The GDV may be either DNA or RNA, or may be a

30 combination of the two, comprising both DNA and RNA in a single molecule.

In another alternative embodiment, the GDV is a Uposome. Liposomes are

small, lipid vesides comprised of an aqueous compartment endosed by a lipid bilayer,

typicdly spherical or sUghtly dongated structures and several hundred angstroms in

diameter. Liposomes offer several readily exploited features. Under appropriate conditions.

35 the liposome can fase with the plasma membrane of a target ceU or with the membrane of an

endocytic veside within a cell which has intemaUzed the liposome, thereby disgorging its
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contents into the cytoplasm. Prior to interaction with the surface of a target cell, however,

the liposome membrane acts as a relatively impermeable barrier which sequesters and

protects its contents, for example from degradative enzymes in the plasma. Liposomes have

for this reason also been referred to as "micropills". Additionally, because a liposome is a

5 synthetic structure, custom-fonnulated liposomes can be designed that incorporate desirable

features. (Stryer, L., Biochemistry, pp236-240 1975 (W.K Freeman, San Francisco); Szoka

et al., Biochim. Biophys. Acta 500:1-18 (1980); Bayer et al., Biochim. Biophys. Acta.

350:464 (1979); Rivnay et al„ A/elA. Ej^ymoL 149:119 (1987); Wang et al.. PNAS84: 7851,

1987 and, Plant et al.. Anal Biochem. 176:420 (1989).

10 Bacterial cells suitable for use as a GDV within the present invention include

a bacteria that expresses a cytotojdc agent, such as an anti-tumor agent, on its cell surface or

exported from the bacterium. Representative examples include BCG (Stover, Nature

i5/;456-458, 1991) and Salmonella (Newton et al.. Science 244:10-12, 1989). Eukaryotic

cells suitable for use in the present invention include producer cells.

15 The GDVs of the present invention may have the same the nucleic acid

backbone {e.g., be derived from the same virus, such as Sindbis or vaccinia), but then must

have different promoters or other regulatory sequences, nucleic acid sequences, etc., that

cause the viral vectors to differ in some biological function. Alternatively, the vectors may
have differmt backbones (e.g:, be derived from different viruses, such as one vector from

20 Sindbis and one vector from vaccinia), in which instance the vectors may have either the

same or different regulatory sequences, desired nucleic acid sequences, etc. The backbone

may be either DNA, RNA, or a combination of both DNA and RNA. Further, the vectors

used as GDVs may be combined in any desired grouping of vectors, such as only viral or

only bacterial vectors, or a grouping having one viral vector and one eukaryotic vector, or a

25 grouping having one bacterial vector, one viral vector and one eukaryotic vector.

Within one embodiment of the present invention, the GDVs comprise a

nucleic acid molecule under the transcriptional control of an event-specific promoter, such

that upon activation of the event-specific promoter the nucleic acid molecule is expressed.

Numerous event-specific promoters may be utilized within the context of the present

30 invention, including for example, promoters which are activated by cellular proliferation (or

are othenvise cell-cycle dependent) such as the thymidine kinase or thymidilate synthase

promoters (Merrill, Proc. Nail Acad Set USA 56:4987-91, 1989; Deng etal., Mol. Cell

Biol P:4079-82, 1989); promoters such as the a- or P- interferon promoters which are

activated when a cell is infected by a virus (Fan and Maniatis, EMBO J. (S(1):10M 10, 1989;

35 Goodboum etal. Cell -^5:601-610, 1986); and promoters which are activated by the
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presence ofhomones (e.g., estrogen respcose promoters; see Toohey ct al., MoL Cell Biol

tf:4526-38, 1986).

Whhin a preferred embodiment, a recombinant viral vector (preferably, but

not necessarily, a recombinant MLV retrovirus) carries a gene expressed from an event-

S specific promoter, such as a celt cycle-dq)endent promoter {e.g.^ human cellular thymidine

kinase or transferrin receptor promoters), which will be transcriptionally active primarily in

proliferating cells, such as tumors. In this manner, replicating ceUs which contain factors

capable of activating transcription fi^m these promoters are preferentially affected (e.g.,

destroyed) by the agent produced by the GDV.

10 Within another embodiment of the present invention, the GDVs comprise a

nucleic acid molecule under the transcriptional control of a tissue-specific promoter, such

that upon activation ofthe tissue-specific promoter the nucleic acid molecule is expressed. A
wide variety of tissue-specific promoters may be utilized within the context of the present

invention. Representative examples of such promoters include: liver-specific promoters such

15 as Phospho-Enol-Pyruvate Caiboxy-Kinasc (Hatzogiou ctal., J. Biol Chem. 263: 17798-

808, 1988; Benvenisty et al., Proc. Nail Acad Sci. USA 11 18-22, 1989; Vaulont et al.,

Mol Cell Biol P:4409-15, 1989), the albumin promoter, the alphafetoprotdn promoter

(Feuerman et al., Mol Cell Biol 9:4204-12, 1989; Camper and Tilghman, Genes Develop,

3:537-46, 1989), and the alcohol dehydrogenase promoter (Felder, Proc. Natl Acad Sci,

20 USA ^5:5903-07, 1989); B ceU specific promoters such as the IgG promoter; breast

carcinoma or hepatocellular cardnoma specific promoters such as Carcinoembryonic Antigen

promoter (CEA) (Schrewe et al., Afo/. and Cell Biol 70:2738, 1990); pancreatic acinar cell

specific promoters such as the elastase promoter (Swift et al.. Genes Develop. 5:687-96,

1989); breast epithelial specific promoters such as the casein promoter (Doppler et al., Proc,

25 Natl Acad Set USA «tf: 104-08, 1989); erythroid specific-transcription promoters which are

active in erythroid cells, such as the porphobilinogen deaminase promoter (Mignotte et al,

Proc. Natl Acad Scl USA W:6458-52, 1990); a- or 3- globin specific promoters (van

Assendelft etal., Cell 55:969-77, 1989, Forrester etal., Proc. Natl Acad ScL USA

56:5439-43, 1989); promoters which regulate skeletal muscle such as the myo-D binding site

30 (Burden, Nature 341:716, 1989; Weintraub et al., Proc, Natl Acad Sci, USA 56:5434-38,

1989); promoters which are specific for p cells of the pancreas, such as the insulin promoter

(Ohlsson etal., Proc. Natl Acad Sci. USA 55:4228-31, 1988; Karlsson etal., MoL Cell,

Biol P.-823-27, 1989); promoters that are specific for the pituitary gland, such as the growth

hormone fector promoter (Ingraham et al.. Cell 55:519-29, 1988; Bodner et al.. Cell 55:505-

35 18, 1988); promoters wMch are specific for melanocytes, such as the tyrosine hydroxylase

promoter; breast carcinoma specific promoters such as the HER2/neu promoter (Tal et al.,
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MoL and Cell Biol 7:2597, 1987); T-ceU specific promoters such as the T-cell receptor

promoter (Anderson ctal., Proc, NatL Acad Set USA 55:3551-54, 1988; Winoto and

Baltimore, £MBO J. 5:729.33. 1989); osteoblasts or bone-specific promoters such as the

osteocaldn promoter (Markose etal., Proc, Natl Acad Set USA 57:1701-1705, 1990;

5 McDoraiell etal., Mol Cell Biol 9:3517-23, 1989; Kemer etal., Proc, Natl Acad ScL

USA 55:4455-59, 1989) the IL-2 promoter, IL-2 receptor promoter, the whey (WAP)
promoter, and the MHC Class II promoter.

A variety of other elements which control gene expression may also be

utilized within the context of the present invention, including for example locusndefining

10 elements such as the P-globin gene and the T cell marker CD2. In addition, elements which

control expression at the level of splicing and nuclear export are the p-globin intron

sequences, the rev and ire elements in HIV-1, and the CTE element in the D-type

masonpfizer monkey retrovirus.

Within preferred embodiments ofthe invention, the GDV is a retroviral vector

15 and the gene produces an agent against a tumor, the gene being under control of a tissue-

specific promoter having specificity for the tissue oftumor origin. Since the retroviral vector

preferentially integrates into the genome of replicating cells (for example, nonnal liver cells

are not replicating, while those of a hepatocarcinoma are), these two levels of specificity

(viral integration/replication and tissue-spedfic transcriptiona] regulation) lead to preferential

20 killing oftumor cells.

Within yet another related embodiment of the present invention, the GDV
comprises a nucleic acid molecule under the transcriptional control of both an event-specific

promoter and a tissue-specific promoter, such that the nucleic acid molecule is maximally

expressed only upon activation of both the event-specific promoter and the tissue-specific

25 promoter. In particular, by utilizing such vectors, the substance expressed from the nucleic

acid molecule is expressed only in cell types satisfying both criteria (e.^., in the example

above, combined promoter elements are functional only in rapidly dividing liver cells).

Within preferred embodiments of the invention, the number of transcriptional promoter

elements may also be increased, in order to improve the stringency of cell-type specificity.

30 Transcriptional promoter/enhancer elements as discussed above need not

necessarily be present as an internal promoter Oying between the viral LTRs for retroviruses,

for example), but may be added to or replace the transcriptional control elements in the viral

LTRs which are themselves transcriptional promoters, such that condition-specific {i.e.,

event or tissue specific) transcriptional expression will occur directly from the modified viral

35 LTR. In this case, either the condition for maximal expression will need to be mimicked in

retroviral packaging cell lines {e.g.^ by altering growth conditions, supplying necessary
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transregulators of expression or using the appropriate cell line as a parent for a packaging

line), or the LTR modification is limited to the 3' LTR U3 region, to obtain maximal

recombinant viral titers. In the latter case, after one round of infection/integration, the 3*

LTR U3 is now also the 5* LTR U3, giving the desired tissue-specific expression. Similarly,

5 for other viral vectors, the promoters may be ©cogenous, or l^rids with normal viral

promoter elements.

The present invention also provides eukaiyotic layered vector iiutiation qrstcms, which are

comprised of a 5* promoter, a construct which is capable of expressing one or more

heterologous nucleotide sequences, and, of repficalion in a cell either autonomously or in

10 response to one or more factors, a polyadenylation sequence, and a transcription tennination

sequence. Briefly, eukaiyotic layered vector initiation systems provide a two stage or

"layered" mechanism which controls expression of heterologous nucleotide sequences. The

first layer initiates transcription of the second layer, and comprises a 5' promoter,

polyadenylation site, and transcription termination ate, as well as one or more splice sites if

15 desired. Representative examples of promoters suitable for use in this regard include any

viral or ceUular promoters such as CMV, retroviral LTRs, SV40, p-actin, immunoglobulin

promoters, and indudblc promoters such as the mctallothiondn promoter and glucocorticoid

promoter. The second layer comprises a construct ^di is capable of expressing one or

more heterologous nucleotide sequences, and, ofreplication in a cell cither autonomously or

20 in response to one or more factors. Within one embodiment of the invention the construct

may be a Sindbis GDV as described above.

The construct within the eukaryotic layered vector initiation systems of the

present mvention can be an alphavirus vector construct. Within other embodiments, the

construct can be derived fi-om a virus selected from the group consisting of poliovirus,

25 rhinovirus, coxsackieviruses, rubella, yellow fever, HCV, TGEV, IBV, MHV, BCV,

parainfluenza virus, mumps virus, measles virus, respiratory syncytial virus, mfluenza virus,

RSV, MoMLV, HIV, HTLV, hepatitis delta virus and Astrovirus. Within yet other

embodiments, the promoter which is capable of initiating the 5' syntiiesis of KNA from

cDNA is sdected fi^m tiie group consisting of the MoMLV promoter, metallothionein

30 promoter, glucocorticoid promoter, SV40 promoter, and the CMV promoter. Within further

embodiments, the eukaryotic layered vector initiation systems further comprise a

polyadenylation sequence.

In further embodiments of the invention, in any of the above aspects the alphavirus

cDNA vector construct may be derived from an alphavirus selected from the group

35 consisting of Aura, Fort Morgan, Venezuelan Equine Encephalitis, Ross River, Semliki

Forest, Sindbis, and Mayaro.
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Representative promoters suitable for use within the present invention include both

eukaiyotic (e.g., recognized byRNA polymerase I, II, or HI) and prokaiyotic promoters, and

inducible or non-indudble (Le., constitutive) promoters, such as, for example, murine

leukemia viius promoters (e-g., MoMLV), metallothionein promoters, the glucocorticoid

5 promoter, Drosophila actin 5C distal promoter, SV 40 promoter, heat shock protein 65

promoter, heat shock proton 70 promoter, immunoglobulin promoters, mouse polyoma virus

promoter (Py), rous sarcoma vinis (RSV), BK virus and JC viras promoters. MMTV
promoter, alphaviius junction r^on, CMV MIE promoter, adenovirus VAIRNA, rRNA
promoter, tRNA methionine promoter and the lac promoter. The second layer comprises a

10 construct which is capable of expresang one or more heterologous nucleotide sequraices,

and of replication m a cell either autonomously or in response to one or more &ctors.

Within one embodiment of the invention, the second layer construct may be an alphavirus

vector construct as described above.

A wide variety of vector systems may be utilized as the first layer of the eukaryotic

15 layered vector initiation system, including for example, viral vector construrts developed

firom DNA viruses such as those classified in the Poxviridae. including for example canary

pox virus or vaccinia virus (e.g., Fisher-Hoch et al., PNAS «5:317-321, 1989; Flexner et al..

Arm. N.r. Acad Sci. 569:86-103, 1989; Flexner et al.. Vaccine 8'A7-2l, 1990; U.S. Patent

Nos. 4,603,112. 4,769,330 and 5,017,487; WO 89/01973); Papoviridae such as BKV, JCV
20 or SV40 (e.g., MuUigan et al.. Nature 277:108-1 14, 1979); Adenoviridae such as adenovirus

(e.g., Berkner, Biotechniques 6:616-627. 1988; Rosenfeld etal., Science 252:431-434.

1991); Parvoviridae such as adeno-associated vims {e.g., Samulski et al., 7. Vir. 6i:3822-

3828, 1989; Mendelson et al.. Virol. 766: 154-165, 1988; PA irm,6ZA); Herpesviridae such

as Herpes Simplex Virus {e.g.. Kit, Adv. Exp. Med Biol. 2J5:2l9-236, 1989); and

25 Hepadnaviridae (e.g., HBV), as well as certain RNA viruses which replicate through a DNA
intermediate, such as the Retroviridac (see, e.g., U.S. Patent No. 4,777,127, GB 2,200,651,

EP 0,345,242 and W09 1/02805; Retroviridac include leukemia in viruses such as MoMLV
and immunodeficiency viruses such as HIV, e.g., Poznansky, J. Virol. 65:532-536, 1991).

Similarly, a wide variety of vector systems may be utilized as second layer of the

30 eukaryotic layered vector initiation system, including for example, vector systems derived

fi-om viruses from the families: Picomaviridae (e.g., poliovinis, rhinovirus, coxsacWeviruses),

Calidviridae, Togaviridae (e.g. alphavirus, rubeDa), Flaviviridae (e.g., ydlow fever).

Coronaviridae (e.g., HCV, TGEV, IBV, MHV, BCV), Rhabdoviridae. Filoviridae.

Paramyxoviridae (e.g., parainfluenza virus, mumps virus, measles virus, and respiratory

35 syncytial virus), Orthomyxoviridae (e.g., influenza virus), Bunyaviridae, Arenaviridae,

Retroviridac (e.g., RSV, MoMLV, HIV, HTLV), hepatitis delta virus and Astrovirus. In
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addition, non-mammalian RNA viruses (as well as components derived therefrom) may also

be utilized, including for example, bacterial and bacteriophage replicases, as well as

components derived from plant viruses such as Topamoviruses and Bromoviruses (see

Strauss et al., Micro, Rev. 5*:491-562, 1994). Production of eukaiyotic layered vector

5 initiation systems is further described in PCT appUcation No. WO 95/08404796, which is

incorporated herein by reference.

In a preferred embodiment, the present invention provides multiple GDVs

comprising retroviral vectors administered as a single composition. The retroviral vectors

are preferably sdected from the group comprising KT-1, KT-3, crossless backbone vectors,

10 or a vector that employs a promoter that facilitates tissue- or event-spedfic expression.

Further, the retrovfral vector preferably includes one or both of a marker gene, such as

neomycin resistance, and a "suicide gene," such as the herpes simplex virus thymidine kinase

(HSVTK)gene.

These GDVs are then introduced into suitable packaging cell lines, which cell

15 lines can be selected for particularly dearable characteristics, such as where the GDVs each

display amphotropic, xenotropic or polytropic characteristics. Other suitable packaging cell

lines include the 293 2-3 VSV-G system, and cell lines that exhibit vector structural protein

modified to facilitate targeting of the transduction of the vector to a preferred location {e.g.,

a regional lymph node or a cell that presents a particular antigen). The cell lines can then be

20 tested to confimi that they contain the desh-able components.

Next, cell cultures are prepared, and supernatant fluids that contain the

retroviral vectors are harvested. The fluids can be tested for GOV potency, typically

measured in colony forming units (CFU) or plaque forming units (PFU), as appropriate. In a

preferred approach, the GDVs are then concentrated and purified prior to administration to

25 the host animal or plant.

n. Nl3c)w Acid Molecules

A nucleic acid molecule administered to an animal in accordance with the

present invention does not naturally occur in the GDV that carries it, and is neither inert nor

30 generally hannfiil to the animal, but rather provides some desirable benefit, typically an

ability to fight a (fisease or other pathogenic agent. As used herein, "pathogenic agent" refers

to a cell that is responsible for a disease state. Representative examples of pathogenic agents

include tumor cells, autoreactive inrmiune cells, hormone secreting cells, cells which lack a

fimaion that they would normally have, cells that have an additional inappropriate gene

35 expression which does not normally occur in that cell type, and cells infected with bacteria,

viruses, or other intracellular parasites. In addition, as used herein "pathogenic agent" may
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also refer to a cell that over-expresses or inappropriately expresses a retroviral vector {e.g.,

in the wrong ceU type), or that has become tumorigenic due to in^propriate insertion into a

host cdl's genome.

A wide variety of nucleic acid molecules may be canied by the GDV of the

5 present invention. Examples of such nucleic add molecules include genes and other nucleic

add molecules that encode a substance, as well as biologically active nucldc add molecules

such as inactivating sequences that incoiporate into a specified intracellular nuddc add
molecule and inactivate that molecule. A nudeic add molecule is biologically active when
the molecule itself provides the desired benefit, without requiring the expression of a

1 0 substance. For example, the biologically active nuddc add molecule may be an inactivating

sequence that incorporates into a specified intracellular nucldc add molecule and inactivates

that molecule, or the molecule may be a tRNA, rRNA ormRNA that has a configuration that

provides a binding capability.

Substances include protdns {e.g., antibodies induding single chain

15 molecules), inununostimulatoiy molecules (such as antigens) immunosuppressive molecules,

blocking agents, and palliatives (such as toxins, antisense ribonuddc adds, ribozymes,

enzymes, and other material capable of inWbiting a fiinction of a pathogenic agent).

Substances also indude cytokines, and various polypeptides or peptide hormones, and their

agonists or antagonists, where these hormones can be derived fi^om tissues sudi as the

20 pituitary, hypothalamus, kidney, endotheUal ceUs, liver, pancreas, bone, hemopoetic marrow,

and adrenal. Such substances can be used for induction of growth, regression of tissue,

suppression of immune responses, apoptosis. gene expression, blocking receptor-llgand

interaction, immune responses and can be used as treatment for certain anemias, diabetes,

infections, high blood pressure, abnormal blood chemistry or chemistries {e.g., elevated

25 blood cholesterol, deficiency of blood dotting factors, elevated LDL with lowered HDL).
Such substances can also be used to control levels of Alzhdmer assodated amyloid protdn,

bone erosion/calcium deposition, and levels ofvarious metabolites such as steroid hormones,

purines, and pyrimidines.

Within the present inventwn, "capable ofinhibiting a fiinction" means that the

30 palliative either directly inhibits the fiinction or indirectly does so. for example, by converting

an agent present in the cells fi-om one w*ich would not normally inhibit a fiinction of the

pathogenic agent to one which does. Exanqiles of such fiinctions for viral diseases include

adsorption, replication, gene expression, assembly, and exit of the virus fi-om infected cells.

Examples of such fiinrtions for cancerous diseases include cell replication, susceptibility to

35 external signals {e.g., contact inhibition), and lack of produaion of anti-oncogene protdns.

Two or more substances are different substances when they are sdected from different
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groups of substances as described above, and two or more substances are different

substances even if they are from the same group (or may even be the same underlying

substance, such as the same enzyme or antibody), so long as the substances have a

biologically different fiinction, such as a difference in isoelectric point for a desired protein,

S or a difference in afiBnity between two versions of the same antibody where the difference

causes one substance to'be active under different conditions from a second substance. Such

differentiation does not include the natural variation that is inherent in the reproduction and

expression ofvirtually all nucldc acids, for example due to polymerase errors during cellular

diviaon, transcription or translation. Thus, GDVs that differ only as would be expected

10 from natural variation, but which are otherwise identical, are not different GDVs within the

context ofthe present invention.

Within certain embodiments, the biolo^cally different function is such that the

respective nucleic add sequences carried by the two or more GDVs of the present invention

are not simultaneously expressed or incorporated into a genome (or otherwise used for their

15 desired purpose(s)) under all biolopcal conditions; one is ''on" (i.e., have a detectable

therapeutic effect) while the other is "off** {i.e., have no detectable therapeutic effect) under

some biological condition.

The GDVs and the substances are preferably selected from different groups as

recited above, or otherwise, to provide a syner^stic or cooperative effect. However, the

20 GDV or substances in a composition may also exhibit little or no cooperation.

Within one embodiment of the present invention, a method is provided for

administration of various GDVs, such as eukaryotic viral cDNA expression vectors, which

direct the expression of a palliative as a DNA molecule. Within another embodiment of the

present invention, a method is provided for administration of various GDVs which direct the

25 expression of a palliative as an RNA molecule.

Representative examples of palliatives that act du-ectly to inhibit the growth of

cells include toxins such as ridn (Lamb et al., Eur. J. Biochem. 7^5:265-270, 1985). abrin

(Wood et al., Eur. J. Biochem. /P«:723-732, 1991; Evensen et al., J. of Biol. Chem.

265:6848-6852, 1991; Collins ctal., J. of Biol. Chem. 2(55:8665-8669, 1990; Chen eta!.,

30 Fed. of Eur. Biochem Soc. 309:115-118, 1992), diphtheria toxin (Tweten etal., J. Biol.

Chem. 250:10392-10394, 1985), cholera toxin (Mekalanos etal., Nature 305:551-557,

1983; Sanchez & Holmgren, PNAS 55:481-485, 1989), gelonin (Stirpe et al, J. Biol, Chem,

255:6947-6953, 1980), pokeweed (Irvin, Pharmac. Then 27:371-387, 1983), antiviral

protein (Baibieri et al., Biochem. J, 203:55-59, 1982; Irvin et al., Arch. Biochem. & Biophys.

35 200:418-425, 1980; Irvin, Arch. Biochem. & Biophys. /5P:522-528, 1975), tritin. Shigella

toxin (Caldenvood etal., PNAS S-/:4364-4368, 1987; Jackson etal., Microb. Path. 2:147"
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153, 1987), and Pseudomonas exotoxin A (Carroll and Collier, J. BioL Chem. 252:8707-

8711, 1987).

Within other aspects of the invention, the GDVs carry a gene specifying a

product which is not in itself toxic, but when processed or modified by a protein, such as a

5 protease spedfic to a viral or other pathogen, is converted into a toxic form. For example,

the recombinant retrovirus GDV could cany a gene encoding a proprotein diain, which

becomes toxic upon processing by the HIV protease. More specifically, a synthetic inactive

proprotein form of the toxic ricin or diphtheria A chains could be cleaved to the active form

by arranging for the HIV virally encoded protease to recognize and cleave offan appropriate

10 "pro" element

Within yet another aspect of the invention, recombinant viral vectors are

provided carrying a construct which directs the expression of a substance capable of

activating an otherwise inactive precursor into an active inhibitor of a pathogenic agent, or a

conditional toxic palliative, which are palliatives that are toxic for the cell expressing the

IS pathogenic condition. As will be evident to one of sidll in the art given the disclosure

provided herein, a wide variety ofinactive precursors may be converted into active inhibitors

of a pathogenic agent. For example, antiviral nucleoside analogues such as AZT or ddC are

metabolized by cellular mechanisms to the nucleotide triphosphate form in order to

specifically inhibit retroviral reverse transcriptase, and thus viral replication (Furmam et ai.,

20 Proc. NatL Acad ScL USA 53:8333-8337, 1986). Recombinant viral vectors which direct

the expression of a gene product a protein) such as Herpes Simplex Virus Thymidine

Kinase (HSVTK) or Varicella Zoster Virus Thymidine Kinase (VZVTK) which assists in

metabolizing antiviral nucleoside analogues to their active form are therefore useful in

activating nucleoside analogue precursors (e.^., AZT or ddC) into their active form AZT or

25 ddC therapy will thereby be more effective, allowing lower doses, less generalized toxicity,

and higher potency against productive infection. Additional nucleoside analogues whose

nucleotide triphosphate forms show selectivity for retrowal reverse transcriptase but, as a

result of the substrate specificity of cellular nucleoside and nucleotide kinases are not

phosphorylated, will be made more efiScacious.

30 A^thin one embodiment ofthe invention, the HSVTK goie may be expressed

under the control of a constitutive macrophage or T-cell-specific promoter, and introduced

into macrophage or T-cells. Constitutive expression of HSVTK results m more effective

metabolism of nucleotide analogues such as AZT or ddC to their biologically active

nucleotide triphosphate form, and thereby provides greater eflBcacy, delivery of lower doses,

35 less generalized toxicity, and higher potency against productive infection. Additional

nucleoside analogues whose nucleotide triphosphate forms show selectivity for retroviral
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reverse transcriptase but, as a result of the substrate spedficity of cellular nucleoside and

nucleotide kinases are not phosphorylated, may also be utilized within the context of the

present invention.

Within a related aspect ofthe present invention, a GDV directs the expression

5 of a substance that activates another compound with tittle or no cytotoxicity into a toxic

product in the presence of a pathogenic agent, thereby ^ectbg localized therapy to the

pathogenic agent. In this case, expression of the gene product from the GDW is limited to

situations wherein an entity associated with the pathogenic agent, such as an intracellular

signal identifying the pathogerac state, is present, thereby avoiding destruction of

10 nonpathogenic cdls. This cell-type specificity may also be conferred at the level of infection,

by targeting GDV carrying the vector to cells having or bring susceptible to the pathogenic

condition.

Within a related aspect ofthe present invention, a GDV directs the expression

of a gene product(s) that activates a compound with little or no cytotoxicity into a toxic

15 product. Briefly, a wide variety ofgene products which cither directly or indirectly activate a

compound with little or no cytotoxidty into a toxic product may be utilized within the

context of the present invention. Representative examples of such gene products include

HSVTK and VZ^VTK which selectivdy monophosphorjiate certain purine arabinosides and

substituted pyrinudine compounds, converting them to cytotoxic or cytostatic metabolites.

20 More specifically, exposure of the drugs ganciclovir, acyclovir, or any of their analogues

(e,g., FIAC, DHPG) to HSVTK, phosphorylates the drug into its corresponding active

nucleotide triphosphate form.

For example, within one embodiment of the invention, the GDV directs the

expression of the herpes simplex virus thymidine kinase (''HSVTK") gene downstream, and

25 under the transcriptional control of an HIV promoter (which is known to be transcriptionally

silent except when activated by HIV tat protein (see U.S.S.N. 07/586,603)). Briefly,

expression of the tat gene product in human cells infected with HIV and carrying the GDV

causes increased production of HSVTK. The cells (dther in vitro or in vivo) are then

exposed to a drug such as gandclovir, acyclovir or its analogues (FIAC, DHPG). As noted

30 above, these drugs arc known to be phosphorylated by HSVTK (but not by cellular

thymidine kinase) to their corresponding active nucleotide triphosphate forms. Acyclovir

triphosphates inhibit cellular polymerases in general, leading to the specific destruction of

cells expressing HSVTK in transgenic mice (see Borrelli et al., Proa Natl Acad Sci, USA

55:7572, 1988), Those cells containing the recombinant veaor and expressing HIV tat

35 protein are selectively killed by the presence of a specific dose of these drugs.
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Whhin one embodiment of the invention, expression of a conditionally lethal

HSVTK gene may be made even more HTV-specific by including cis-acting elements in the

transcript ("CRS/CAR"), which require an additional HIV gene product (see U.S.S.N.

07/586,603), rev, for optimal activity (Rosen etal., Proc. Natl Acad ScL USA 85:2011,

5 1988). More generally, ds elements present in mRNAs have been shown in some cases to

regulate mRNA stability or translataWlity. Sequences of this type (/.e., post-transcriptional

relation of gene oqxression) may be used for event- or tissue-specific regulation of vector

gene expression. In addition, multimerization of these sequences rev-responsive

"CRS/CAR" or tat-responsive "TAR" elements for HTV) may be utilized in order to generate

1 0 even greater specificity.

In a manner similar to the preceding embodiment, GDVs may be generated

which carry a gene for phosphorylation, phosphoribosylation, ribosylation, or other

metabolism of a purine- or pyrimidine-based drug. Such genes may have no equivalent in

mammalian cells, and might come fi-om organisms such as a virus, bacterium, fungus, or

15 protozoan. Representative examples include: K coli guanine phosphoribosyl transferase

("gP^") gene product, which converts thioxanthine into thioxanthine monophosphate (see

Besnard et al., Mol Cell Biol 7:4139-4141, 1987); alkaline phosphatase, which will convert

inactive phosphorylated compounds such as mitomycin phosphate and doxorubicin-

phosphate to toxic dephosphorylated compounds; fungal {e.g., Fusahum oxysporum) or

20 bacterial cytosine deaminase which will convert 5-fluorocytosine to the toxic compound 5-

fluorouracil (Mullen, PNAS 89:33, 1992); carboxypeptidase G2 which will cleave the

glutamic acid fi*om para-N-bis (2-chloroethyl) aminobenzoyl glutamic acid, thereby creating

a toxic benzoic acid mustard; and Penicillin-V amidase, which will convert phenoxyacetabide

derivatives of doxorubicin and melphalan to toxic compounds. Conditionally lethal gene

25 products of this type have application to many presently known purine- or pyrimidine-based

anticancer drugs, which often require intraceUular ribosylation or phosphorylation in order to

become effective cytotoxic agents. The conditionally lethal gene product could also

metabolize a nontoxic drug, which is not a purine or pyrimidine analogue, to a cytotoxic

form (see Searle et al., Brii. J. Cancer 55:377-384, 1986).

30 These kinds of conditional activation of an inactive precursor into an active

product in cells may be achieved using GDVs such as viral vectors including adeno-

assodated viral vectors, and those with a shorter t«m effect, e.g., adenovirus vectors and

others mentioned below. Such vectors are enable of efficiently entering cells and expressing

proteins encoded by the vector over a period oftime from a couple ofdays to a month or so.

35 This period of time should be sufficient to allow killing of pathogenic cells. In addition,

physical methods ofgene transfer may be utilized in a similar manner.
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Additionally, in the instance where the target pathogen is a mammalian virus,

the GDV may be constructed to take advantage ofthe fact that mammalian viruses in general

tend to have "immediate early" genes, which are necessary for subsequent transcriptional

activation of other viral promoter elements. Gene products of this nature are exceUent

5 candidates for intracellular signals (or "identifying agents") of viial infection. Thus,

conditionaUy lethal genes transcribed from transcriptional promoter elements that are

responsive to such viral "immediate early" gene products could specifically kiU ceUs infected

with any particular virus. Additionally, since the human a and p interferon promoter

elements are transcriptionally activated in response to infection by a wide variety of

10 nonrelated vinises, the introduction ofvectors expressing a conditionally lethal gene product

like HSVTK, for example, from these viral-responsive elements (VREs) could result in the

destruction of cells infected with a variety of different viruses.

In another embodiment ofthe invention, methods are provided for producing

substances such as inhibitor palliatives involving the deliveiy and expression of defective

15 interfering viral structural proteins, which inhibit viral assembly. In this context, GDVs code

for defective gag, pol, env or other viral particle protons or peptides whidi inhibit in a

dominant feshion the assembly of viral particles. Such inhibition occurs because tfie

interaction of nonnal subunits of the viral particle is disturbed by interaction witii the

defective subunits.

20 One w^ of inoeasing the effectiveness of inWbitory paUiatives is to express

inhibitory genes, such as viral inhibitory genes, in conjunction with the expression of genes

which mcrease the probability of infection of the resistant ceU by the virus in question. The

result is a nonproductive "dead-end" event which would compete for productive infection

events. In the specific case of HIV, GDV may be administered that inhibit fflV replication

25 (by expressing anti-sense tat, etc., as described above) and also overexpress proteins required

for infection, such as CD4. In this way, a relatively small number of vector-infected fflV-

resistant cells art as a "sink" or "magnet" for multiple nonproductive fijsion events with free

virus or viraUy infected ceUs.

In anotiier embodiment of the invention, metfiods are provided for the

30 expression of substances such as inhibiting peptides or proteins specific for viral protease.

Viral protease cleaves the viral gag and gag/pol proteins into a number of smaller peptides.

FaUure of this cleavage in all cases leads to complete inhibition of production of infectious

retroviral particles. The HTV protease is known to be an aspartyl protease, and these are

known to be inhibited by peptides made from amino acids from protein or analogues. GDV

3 5 that inhibit HTV will express one or multiple fused copies of such peptide inhibitors.
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The ^preaches discussed above should be effective against many virally

linked diseases, cancers, or other pathogenic agents.

Within still other embodiments of the invention, a GDV is provided that

expresses a palliative, wherein the palliative has a membrane anchor and acts as an anti-

5 tumor agent(s). Such a palliative may be constructed, for example, as an anti^tumor agent -

membrane anchor fusion protein. Briefly, the membrane anchor aspect ofthe fuaon protein

may be selected from a variety of sequences, induding, for example, the transmembrane

domain of well known molecules. Generally, mwnbrane anchor sequences are regions of a

protein that bind the protein to a membrane. Customarily, there are two types of anchor

10 sequences that attach a protein to the outer surface of a cell membrane: (1) transmembrane

regions that span the lipid bilayer of the cell membrane, and interact with the hydrophobic

center region (proteins containing such regions are referred to integral membrane proteins),

and (2) domains which interact with an integral membrane protein or with the polar surface

ofthe membrane (such proteins are referred to as peripheral, or pctrinsic, proteins).

^5 Membrane anchors for use within the present invention may contain

transmembrane domains vdiich ^an the membrane one or more times. For example, in

glycophorin and guaitylji cyclase, the membrane binding region spans the membrane once,

whereas the transmembrane domain of rhodop^n spans the membrane seven tunes, and that

of the photosynthetic reaction center of Rhodopscudomonas viridis spans the membrane

20 eleven times (see Ross et al., J. Biol Chem, 257:4152, 1982; Gart>ers, Pharmac. Ther.

50:337-345, 1991; Engelman et al.. Proc. Natl Acad ScL USA 77:2023, 1980; Heijne and

Manoil, Prot. Eng. 4: 109-1 12, 1990). Regardless ofthe number of times the protein crosses

the membrane, the membrane spanning regions typically have a similar structure. More
specifically, the 20 to 25 amino-acid residue portion of the domain that is located inside the

25 membrane generally consists almost entirely of hydrophobic residues (see Eisenberg et al.,

Ann. Rev. Biochem. 53:595-623, 1984). For example, 28 of the 34 residues in the membrane

spanning region ofglycophorin are hydrophobic {see Ross et al.; Tomita et al.. Biochemistry

77:4756-4770, 1978). In addition, although structures such as beta sheets and barrels do

occur, the membrane spanning regions typically have an alpha helical structure, as

30 determined by X-ray diffraction, crystallography and cross-linking studies {see Eisenberg

et al. at 20; Heijne and ManoU at 109). The location ofthese transmembrane helices within a

given sequence can often be predicted based on hydrophobicity plots. Stryer etal.,

Biochemistry, 3rd. ed. 304, 1988. Particularly preferred membrane anchors for use within

the present invention include naturally occurring cellular proteins (that are non-

35 immunogenic) which have been demonstrated to function as membrane signal anchors (such

as glycophorin).
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WTithin a preferred embodiment of the present invention, a DNA sequence is

provided which encodes a membrane anchor - gamma interferon fusion protein. Within one

embodiment, this fusion protein may be constructed by geneticaUy fiising the sequence which

encodes the membrane anchor of the gamma-chain of the Fc receptor, to a sequence which

5 encodes gamma-interferon.

In yet another aspect, the GDVs provide a therapeutic effect by encoding one

or more ribozymes (RNA mzymes) (Hasdofif and G^rlach, Nature 334:S%S, 1989) which

will cleave, and hence inactivate, RNA molecules corresponding to a pathogenic function.

Since ribozymes function by recognizing a specific sequence in the target RNA and this

10 sequence is ncnmally 12 to 17 bp, this allows specific recognition of a particular RNA

sequence corresponding to a pathogenic state, such as HIV tat, and toxicity is specific to

such pathogenic state. Additional specificity may be achieved in some cases by making this a

conditional toxic palliative, as discussed above.

In still another aspect, the GDVs comprise a biologically active nucleic acid

IS molecule that is an antisense sequence (an antisense sequence may also be encoded by a

nucleic acid sequence and then produced within a host cell via transcription). In preferred

embodiments, the antisense sequence is sdeaed from the group consisting of sequences

which encode influenza vims, HIV, HSV, HPV, CMV, and HBV. The antisense sequence

may also be an antisense RNA complementary to RNA sequences necessary for

20 pathogenicity. Altematively, the biologically active nucleic acid molecule may be a sense

RNA (or DNA) complementary to RNA sequences necessary for pathogenicity.

More particularly, the biologically active nucleic acid molecule may be an

antisense sequence. Briefly, antisense sequences are designed to bind to RNA transcripts,

and thereby prevent cellular synthesis of a particular protein, or prevent use of that RNA

25 sequence by the cell. Representative examples ofsuch sequences indude antisense thymidine

kinase, antisense dihydrofolate reductase (Maher and Dobiick, Arch. Biochem. & Biophys,

253:214-220, 1987; Bzik et al., PNAS 5^:8360-8364, 1987), antisense HER2 (Coussens

etal.. Science 230:1132-1139, 1985), antisense ABL (Fainstein etal.. Oncogene 4\\An-

1481, 1989), antisense Myc (Stanton ct al.. Nature 3/0:423-425, 1984) and antisense ras, as

30 well as antisense sequences which block any of the enzymes in the nucleotide biosynthelic

pathway.

In addition, within a further embodiment of the invention antisense RNA may

be utilized as an anti-tumor agent in order to induce a potent Class I restricted response.

Briefly, in addition to binding RNA and thereby preventing translation of a specific mRNA,

35 high levels of specific antisense sequences are believed to induce the increased expression of

interferons (including gamma-interferon). due to the formation of large quantities of double-
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stranded RNA. The increased expression ofgamma interferon, in turn, boosts the expression

ofMHC Class I antigens. Preferred antisense sequences for use in this regard include actin

RNA, myosin RNA, and histone RNA. Antisense RNA which forms a mismatch with aain

RNA is particularly preferred.

5 In another embodiment^ the substances of the invention include a surface

protein that is itself thmpeutically benefidaJ. For example, in the particular case of HIV,

expression of the human CD4 protdn specifically in HIV-infected cells may be beneficial in

two ways:

1. Binding of CD4 to HTV env intraceUularly could inhibit the

10 formation of viable viral particles much as soluble CD4 has been shown to

do for fi'ee virus, but without the problem of systematic clearance and

possible immunogenicity, since the proton will remain membrane bound and

is structurally identical to endogenous CD4 (to which the patient should be

immunolo^cally tolerant).

IS 2. Since the CD4/HIV env complex has been implicated as a

cause of cell death, additional expression ofCD4 (in the presence of excess

mV-env present in HIV-infected cells) leads to more n^id cell death and

thus inhibits viral dissemination. This may be particulariy applicable to

monocytes and macrophages, which act as a reservoir for virus produaion

20 as a result of their relative refiactility to HIV-induced cytotoxicity (which,

in turn, is apparently due to the relative lack ofCD4 on their cell surfaces).

Still further aspects of the present invention relate to the administration of a

GDV capable of immunostimulation. The abdity to recognize and defend against foreign

pathogens is essential to the function of the immune system. In particular, the immune

25 system must be capable of distinguishing "selT fi-om "nonselfV(i,e., foreign), so that the

defensive mechanisms of the host are directed toward invading entities instead of against

host tissues. Cytolytic T lymphocytes (CELs) are typically induced, or stimulated, by the

display of a cell surface recognition structure, such as a processed, pathogen-specific

peptide, in conjunction with a MHC dass I or class n cell surface protein.

30 Diseases suitable to treatment include viral infections such as HTV, HBV and

HPV, cancers such as melanomas, renal carcinoma, breast cancer, ovarian cancer and other

cancers, and heart disease.

In one embodiment, the invention pro\ades methods for stimulating a specific

immune response and inhibiting viral spread by using GDVs that direct the expression of an

35 antigen or modified form thereof in susceptible target cells, wherein the antigen is capable of
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dther (1) initiating an immune response to the viral antigen or (2) preventing the viral spread

by occupying cellular receptors required for viral interactions. Expression of the protein may

be transient or stable with time. Where an immune response is to be stimulated to a

pathogenic antigen, the recombinant viral vertor is preferably designed to express a modified

5 form of the antigen which will stimulate an immune response and which has reduced

pathogenicity relative to the native antigen. This immune response is achieved when cells

present antigens in the correct manner, i.e., in the context of the MHC dass I and/or H

molecules along with accessoiy molecules sudi as CD3, ICAM-1, ICAM-2, LFA-1, or

analogs thereof Akmann et al.. Nature 338:512, 1989). In accordance with a preferred

10 embodiment, cells infected with Sindbis viral vectore are expected to do this efficiently

because they closely numic genuine viral infection and (a) are able to infect non-replicating

ceDs; (b) do not integrate into the host cell genome; and (c) are not associated with any life

threatening diseases.

This embodiment of the invention has a further advantage over other systems

15 that might be expected to fiinction in a similar manner, in that the presenter cells are fully

viable and healthy, and no other viral antigens (which may well be immunodominant) are

expressed. This presents a distinct advantage since the antigenic epitopes expressed can be

altered by selective doiung ofsub-fi^gments oftiie^e for the antigen into tiie recombinant

Sindbis virus, leacUng to responses against immunogenic epitopes w*ich may otherwise be

20 overshadowed by immunodominant epitopes. Sudi an q)proach may be extended to the

expression of a peptide having multiple epitopes, one or more of the epitopes being derived

from different protons. Further, this aspect of the invention allows efficient stimulation of

cytotoxic T lymphocytes (CTL) directed against antigenic epitopes, and peptide fragments of

antigens encoded by sub-fragments of genes, through intracellular synthesis and association

25 of these peptide fragments witii MHC Class I molecules. This approach may be utilized to

map major immunodominant epitopes for CTL induction.

An immune response can also be achieved by transferring to an appropriate

immune ceU (such as a T lymphocyte) (a)ti»e gene for Uie specific T-cell receptor that

recognizes the antigen of interest (in the context of an appropriate MHC molecule if

30 necessary), (b) the gene for an immunoglobulin which recognizes the antigen of interest, or

(c) die gene for a hybrid of the two which provides a CTL response in the absence of the

MHC context. Thus tiie GDV may be used as an immunostimulant, immunomodulator, or

vaccine, etc.

In the particular case of disease caused by HTV infection, where

3 5 immunostimulation is desired, tiie antigen generated from tiie recombinant retroviral genome

is of a form which will eUcit either or both an HLA dass I- or dass O-restricted immune
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response. In the case of HIV envelope antigen, for example, the antigen is preferably

selected from gp 160. gp 120, and gp41, which have been modified to reduce their

pathogenicity. In particular, the selected antigen is modified to reduce the possibility of

syncytia, to avoid expression of epitopes leading to a disease enhancing immune response, to

5 remove immunodominant, but strain-specific epitopes or to present several strain-specific

epitopes, and aUow a response capable ofeliminating cells infeaed with most or aU strains of

HTV. The strain-spedfic q>itopes can be fiirther selected to promote the stimulation of an

immune response within an animal which is cross-reacdve against other strains of HIV.
Antigens fi-om other HTV genes or combinations of genes, such as gag, pol, rev, vif, nef,

10 prot. gag/pol, gag prot, etc.. may also provide protection in particular cases.

HTV is only one example. This approach should be effective against many
virally linked diseases or cancers where a characteristic antigen (which does not need to be a

membrane protein) is expressed, such as in HPV and cervical carcinoma, HTLV-I-induced

leukemias, prostate-specific antigen (PSA) and prostate cancer, mutated p53 and colon

1 5 carcinoma and melanoma, melanoma specific antigens (e.^,, MAGEs), and melanoma, mucin

and breast cancer.

In accordance with the immunostimulation aspects of the invention, the

substances of the present invention may also include "immunomodulatory fectors," many of
which are set forth above. Inrniunomodulatoiy factors refer to factors that, when

20 manufactured by one or more of the cells involved in an immune response, or, which when
added exogenously to the cells, causes the immune response to be different in quality or

potency torn that which would have occurred in the absence of the fartor. The factor may
also be expressed from a non-GDV derived gene, but the expression is driven or controlled

by the CDV. The quality or potency of a response may be measured by a variety of assays

25 known to one of skill in the art including, for example, in vitro assays which measure cellular

proliferation (e.g., thymidine uptake), and in vitro cytotoxic assays (e.g., which measure

51Cr release) (see, Warner etal., AIDS Res, and Human Retroviruses 7:645^55. 1991).

Immunomodulatory &ctors may be active both in vivo and ex vivo.

Representative examples ofsuch factors include cytokines, such as EL-l, rL-2

30 (Karupiah et al., J. Immunology /-/^:290-298. 1990; Weber et al., /. Ejp. Med 166:1716-

1733, 1987; Gansbacher etal., J. Exp. Med 772:1217-1224. 1990; U.S. Patent No.

4.738.927), IL-3, IL.4 (Tepper etal.. Cell 57:503-512. 1989; Golumbek etal.. Science

25^:713-716, 1991; U.S. Patent No. 5,017,691). IL-S, IL-6 (Brakenhof et al.. J. Immunol.

yjP:4116^121, 1987; WO 90/06370). IL.7 (U.S. Patent No. 4.965.195) ,
IL-S. IL-9. IL-10.

35 IL-11. IL-12. particularly IL-2. IL^, IL.6, and IL-12, alpha interferon (Finter et al.. Drugs

^2(5):749-765, 1991; US. Patent No. 4,892,743; U.S. Patent No. 4,966,843; WO
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85/02862; NagaU etal.. Nature 284:316-320, 1980; Familletti etal.. Methods in Em.

75:387-394, 1981; Twu etal., Proc. Natl. Acad Sci. USA 56:2046-2050, 1989; Faktor

et al., OwcogB/ie 5:867-872. 1990), beta interferon (Seif etal., J. Virol. 55:664-671, 1991),

gamiiia interferons (Radford etal.. The American Society ofHepatology 20082015, 1991;

Watanabe et al., PNAS 56:9456-9460, 1989; Gansbacher et al.. Cancer Research 50:7820-

7825. 1990; Maio etal, Ow. InnnunoL Immunother. 3^:34-42, 1989; U.S. Patent No.

4,762,791; U.S. Patent No. 4,727,138X C^CSF (U.S. Patent Nos. 4,999,291 and 4,810,643),

GM-CSF (WO 85/04188), tumor necrosis factors (TNFs) (Jayaraman et al., J. Immunology

144:9A2-9S\, 1990), CD3 (Krissanen et al., Imnnomgenetics 25:258-266, 1987), ICAM-1

(Altman etal.. Nature 335:512-514, 1989; Sinunons et al.. Nature 337:624-627, 1988),

ICAM.2, LFA-l, LFA-3 (Wallner et al., J. Exp. Med y55(4):923-932, 1987), MHC class I

molecules, MHC class H molecules, B7.1..3. ^2'^^=^^^^^^^ (PBsn^^ et al.. PNAS

75:2253-2257, 1981), chaperones, MHC linked transporter proteins or analogs thereof

(Powis etal.. Nature 35^:528-531, 1991). Within one prcfeired enibodiment. the gene

15 encodes gamma-interferon.

An example of an immunomodulatory fector dted above is a member of the

B7 family of molecules (e.g., B7.1-.3 costimulatory fictor). Briefly, activation of the full

fimctional activity of T cells requires two signals. One signal is provided by interaction of

the antigen-specific Tcdl receptor with peptides which are bound to major

20 histocompatibility complex (MHC) molecules, and the second signal, referred to as

costimulation, is delivered to the T ceU by antigen presenting cells. The second signal is

required for interleukin-2 (iL-2) production by T cells, and appears to involve interaction of

the B7.1-.3 molecule on antigen-presenting ceUs with CD28 and CTLA-4 receptors on

T lymphocytes (Linsley et al., J. Exp. Med, 773:721-730, 1991a and J. Exp. Med, J74:56l-

25 570, 1991). Within one embodiment of the invention, B7.1-.3 may be introduced into tumor

cells in order to cause costimulation of CD8+ T ceBs. such that the CD8"^ cells produce

enough JL-l to expand and become fully activated. These CD8+ T ceUs can kiU tumor cells

that are not expressing B7 because costimulation is no longer required for further CTL

fiincUon. Vectors that express both the costimulatory B7.1-.3 fector, and, for example, an

30 immunogenic HBV core protein, may be made utilizing methods which are described herein.

CeUs transduced with these vectors will become more effective antigen presenting cells. The

HBV core-specific CTL response will be augmented from the fiilly activated CD8+ T cell via

the costimulatory ligand B7.1-.3.

The choice ofwhich immunomodulatory factor to include within a GDV may

3 5 be based upon known therapeutic effects of the factor, or, experimentally determined. For

example, a known therapeutic effector in chronic hepatitis B infections is alpha interferon.
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This has been found to be eflBcacious in compensating a patient's immunological deficit, and

thereby assisting recovery from the disease. Alternatively, a suitable immunomodulatory

factor may be experimentally determined. Briefly, blood samples are first taken from patients

with a hepatic disease. Peripheral blood lymphoqrtes (PBLs) are restimulated in vitro with

5 autologous or HLA matched cells (e.g., EBV transformed cells) that have been transduced

with a GDV which directs the expression of an immunogenic portion of a hepatitis antigen

and the immunomodulatory &ctor. These stimulated PBLs are then used as efifectors in a

CTLassay with the HLA matched transduced cells as targets. An increase in CTL response

over that seen in the same assay performed using HLA matched stimulator and target cells

10 transduced with a vertor encoding the antigen alone, indicates a useful immunomodulatory

factor. Within one embodiment of the invention, the immunomodulatory &ctor gamma
interferon is particularly preferred.

The present invention also includes immunogenic portions ofdesired antigens.

For example, various immunogenic portions of the HBV S antigens may be combined in

15 order to present an unmune response when administered by one of the GDVs described

herein. In addition, due to the large immunological variability that is found in different

geographic regions for the S open reading frame of HBV, particular combinations of

antigens may be preferred for administration in particular geographic regions. Briefly,

epitopes that are found in all human hepatitis B virus S samples are defined as determinant

20 "fl". Mutually exclusive subtype detemunants however have also been identified by two-

dimensional double immunodifiiision (Ouchteriony, Progr, Allergy 5:1, 1958). These

determinants have been designatedV or >" and V" or "r" (LeBouvier, J, Infect 123:61 \,

1971; Bancroft etal., J. ImmunoL J09:S42, 1972; Courouce etal., BibL Haematol. 42:]-^

158, 1976). The immunological variability is due to single nucleotide substitutions in two

25 areas of the hepatitis B virus S open reading frame resulting in the following amino acid

changes: (1) exchange oflysine-122 to arginine in the hepatitis B virus S open reading frame

causes a subtype shift from d to y, and (2) exchange of arginine-160 to lysine causes the shift

from subtype rtow. In black Africa, subtype ayw is predominant, whereas in the U.S. and

northern Europe the subtype adw2 is more abundant (Molecular Biology of the Hepatitis B
30 Virus, McUchlan (ed.), CRC Press, 1991). As will be evident to one of ordinary skill in the

art, it is generally preferred to construct a vector for administration which is appropriate to

the particular hepatitis B virus subtype which is prevalent in the geographical region of

administration. Subtypes of a particular region may be determined by two-dimensional

double immunodiffiision or, preferably, by sequencing the S open reading fi^e of HBV
3 5 virus isolated from individuals within that region.
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Also presented by HBV are pol ("HBV pol"), ORF 5, and ORF 6 antigens.

Briefly, the polymerase open reading frame ofHBV encodes reverse transcriptase activity

found in virions and core-like particles in infected liver. The polymerase protein consists of

at least two domains: the amino terminal domain encodes the protein that primes reverse

S transcription, and the carboxyl terminal domain which encodes reverse transcriptase and

RNase H activity. Immunogenic portions ofHBV pol may be determined utiliang methods

utiliang GDVs administered in order to gmerate an immune response within an animal,

preferably a warm-blooded animal. Sinularly, other HBV antigens such as OKF S and ORF

6, (Miller et al., HepcUology 9:322-327, 1989), may be expressed utilizing GDVs as

10 described herein.

As noted above, at least one immunogenic portion of a hepatitis B antigen can be

incorporated into a GDV. The unmunogenic portion(s) which are incorporated into the

GDV may be of varying length, although it is generally preferred that the portions be at least

IS 9 amino acids long, and may include the entire antigen. Immunogenicity of a particular

sequence is often difficult to predict, although T cell cf)itopes may be precUcted utilizing the

HLA A2.1 motif described by Falk etal. {Nature 351:290, 1991). From this analysis,

peptides may be synthesized and used as targets in an in vitro cytotoxic assay. Other assays,

however, may also be utilized, including, for example, ELISA which detects the presence of

20 antibodies against the newly introduced vector, as well as assays which test for T helper

cells, such as gamma-interferon assays, IL-2 production assays, and proliferation assays.

Within one embodiment of the present invention, at least one immunogenic portion of a

hepatitis C antigen can be incorporated into a GDV. For example, immunogenic portion(s)

of hepatitis C may be found in the C and NS3-NS4 regions since these regions are the most

25 conserved among various types of hepatitis C virus (Houghton et al., Hepatology 7^:381-

388, 1991).

Truncated hepatitis C virus polypeptides designated El polypeptides and E2

polypeptides are particularly preferred. By an "El polypeptide" is meant a molecule derived

from an HCV El region. Such a molecule can be physically derived from the region or

30 produced recombinantly or synthetically, based on the known sequence. The mature El

region ofHCVl begins at approximately amino acid 192 of the polyprotein and continues to

approximately amino acid 383 (see Figures I and 2), Amino acids at around 173 through

approximately 191 serve as a signal sequence for El. Thus, by an "El polypeptide" is meant

either a precursor El protein, including the signal sequence, or a mature El polypeptide

35 which lacks this sequence, or even an El polypeptide with a heterologous signal sequence.

Furthermore, as elucidated herein, the El polypeptide includes a C-terminal membrane
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anchor sequence which occurs at approximately amino acid positions 360-383. A hepatitis

C El polypeptide lacking the C-terminus region beginning at about amino acid 360,

numbered with reference to the HCVl amino add sequence is particularly preferred.

By an "E2 polypeptide" is meant a molecule derived from an HCV E2 region. Such a

5 molecule can be piqrsically derived from the region or produced rccombinantly or

synthetically, based on the known sequence. The mature E2 region ofHCVl is believed to

begin at approximately amino add 384-385 (see Figures 3 and 4A-4C). A signal peptide

begins at approximately amino add 364 of the polyprotdn. Thus, by an "E2 polypeptide" is

meant dther a precursor E2 protein, including the signal sequence, or a mature E2
10 polypeptide which lacks this sequence, or even an El polypeptide with a heterologous signal

sequence. Furthermore, as eluddated herein, the E2 polypeptide includes a C-tenninal

membrane anchor sequence whidi occurs at approximately amino acid positions 715-730 and

may extend as far as approximately amino add residue 746 (see, Lin et al., J, Virol (1994)

68:5063-5073). A hepatitis C E2 polypeptide lacking its C-terminal sequence beginning at

15 amino add 715, numbered in reference to the HCV E2 amino add sequence is particularly

preferred.

Immunogenic portions of the hepatitis C antigen can be determined by a

variety of methods known to those of skill in the art. For example, as noted above for the

hepatitis B virus, identification ofinmiunogenic portions ofthe polyprotdn may be predicted

20 based upon amino acid sequence. Briefly, various computer programs which are known to

those of ordinary skill in the art may be utilized to predict CTL epitopes. For example, CTL
epitopes for the HLAA2.1 haplotype may be predicted utilizing the HLA A2.1 motif

described by Falk et al. {Nature 351:290, 1991), From this analysis, peptides are synthesized

and used as targets in an i/i vitro cytotoxic assay.

25 Within another aspect of the present invention, methods are provided for

destroying hepatitis B carcinoma cells comprising the step of administering to a warm-

blooded animal a GDV which directs the expression of an immunogenic portion of antigen

X, such that an immune response is generated. Sequences which encode the HBxAg may
readily be obtained by one of skill in the art given the disclosure provided herein. Briefly,

30 within one embodiment of the present invMtion, a 642 bp Nco I-Taq I is recovered from

ATCC 45020, and inserted into GDVs as described above for other hepatitis B antigens.

The X antigen, however, is a known transactivator whidi may function in a

manner similar to other potential oncogenes {e.g.. ElA). Thus, it is generaDy preferable to

first alter the X antigen such that the gene product is non-tumorigenic before inserting it into

35 a GDV. Various methods may be utilized to render the X antigen non-tumorigenic

including, for example, by truncation, point mutation, addition of premature stop codons, or
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phosphorylation site alteration. Within one embodiment, the sequence or gene of interest

which encodes the X antigen is truncated. Truncation may produce a variety of fragments,

although it is generally preferable to retain greater than or equal to 50% ofthe encoding gene

sequence. In addition, it is necessary that any truncation leave intact some of the

5 immunogenic sequences of the gene product. Ahematively, within another embodiment of

the invention, multiple translational termination codons may be introduced into the gene.

Insertion of termination codons prematurely terminates protdn expression, thus preventing

expression ofthe transforming portion ofthe protein.

The X gene or modified versions thereofmay be tested for tumorigenicity in a

10 variety of ways. Representative assays include tumor formation in nude mice, colony

formation in soft agar, and preparation oftransgenic animals, such as transgenic mice.

Within another aspect of the present invention, methods are provided for

destroying hepatitis C carcinoma cells comprising the step of administering to a warm-

blooded animal a GDV which directs the expression of an immunogenic portion of a hepatitis

15 C antigen. Preferred immunogenic portion(s) of a hepatitis C antigen may be found in the

polyprotein which contains the Core antigen and the NS1-NS5 regions (Choc et al., Proc,

Natl Acad ScL USA ««:2451-2455, 1991). Particularly preferred immunogenic portions

may be determined by a variety of methods. For example as noted above preferred

immunogenic portions may be predicted based upon amino acid sequence. Briefly, various

20 computer programs which are known to those of ordmary skill in the art may be utilized to

predict CTL epitopes. For example, CTL epitopes for the HLA A2, 1 haplotype may be

predicted utilizing the HLA A2.1 motif described by Falk etal. {Nature 557:290, 1991).

Another method that may also be utilized to predict immunogenic portions is to determine

which portion has the property of CTL induction in mice utilizing retroviral vectors {see,

25 Warner etal., AIDS Res. and Human Retroviruses 7:645-655, 1991). As noted within

Warner et al,. CTL induction in mice may be utilized to predict cellular immunogenicity in

humans. Preferred immunogenic portions may also be deduced by determining which

fragments of the polyprotein antigen or peptides are capable of inducing lysis by autologous

patient lymphocytes of target cells (e.g., autologous EBV-transformed lymphocytes)

30 expressing the fragmaits after vector transduction ofthe corresponding genes.

Preferred immunogenic portions may also be selected in the following

manner. Briefly, blood samples from a patient with a target disease, such as HCV, are

analyzed with antibodies to individual HCV polyprotein re^ons (e.^., HCV core. El,

E2/SN1 and NS2-NS5 regions), in order to determine wWch antigenic fragments are present

35 in the patient's serum. In patients treated with alpha interferon to give temporary remission,

some antigenic determinants will disappear and be supplanted by endogenous antibodies to
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the antigen. Such antigens are useful as immunogenic portions within the context of the

present invention (Hayata et al., Htpatology 73:1022-1028, 1991; Davis et al.. K Eng. X
Med 327:1501-1506, 1989).

Additional immunogenic portions of a chosen antigen, such as those from the

5 hepatitis B or C virus, may be obtained by truncating the coding sequence. For example,

with HBV the following ates may be truncated: Bst UI, I, Ppu Ml, and Msp I

(Valenzuela ctal,. Nature 2W:815-19, 1979; Valenzucla etal.. Animal Virus Genetics:

ICN/UCLA Symp. MoL CellBioL, 1980, B. N. Fields and R. Jaenisch (eds.), pp. 57-70, New
York: Academic). Further methods for determimng suitable immunogenic portions as well

10 as methods are also described below in the context of hepatitis C.

With respect to the treatment of HBV, particularly preferred immunogenic

portions for incorporation into GDVs include HBeAg, HBcAg, and HBsAgs. Further, more

than one inmiunogenic portion (as well as immunomodulatory factors, if desired) may be

incorporated into the GDV. For example, within one embodiment GDVs may be prepared

15 which direct the co-expression ofboth an immunogenic portion of the hepatitis B antigen, as

well as an immunogenic portion of the hepatitis C polyprotein. Such constructs may be

administered in order to prevent or treat acute and chronic hepatitis infections of either type

B or C. Similarly, within other embodiments, CHJVs may be prepared which direct the co-

expres^on of both an immunogenic portion of the hepatitis B X antigen, as well as an

20 immunogenic portion of the hepatitis C polyprotein. Such constructs may similarly be

administered in order to treat hepatocellular cardnoma of which is associated with either

hepatitis B or C. In addition, because those individuals chronically infected with hepatitis B
and C are at higher risk for developing hepatocellular carcinoma, such a vector may also be

utilized as a prophylactic treatment for the disease.

25 Immunogenic portions may also be selected by other methods. For example,

the HLA A2. l/K^ transgenic mouse has been shown to be useful as a model for human

cell recognition of viral antigens. Briefly, in the influenza and hepatitis B viral systems, the

murine T-cell receptor repertoire recognizes the same antigenic determinants recognized by

human T-cells. In both systems, the CH. response generated in the HLA A2.1/Kb

30 transgenic mouse is directed toward virtually the same epitope as those recognized by human

CTLs of the HLA A2.1 haplotype (Viticllo etal., J.Ejq>. Med 773:1007-1015, 1991;

Vitiello et al.. Abstract ofMolecular Biology ofHepatitisB Virus Symposia, 1992).

Immunogenic proteins of the present invention may also be manipulated by a

variety of methods known in the art, in order to render them more immunogenic.

35 Representative examples of such methods include: adding amino acid sequences that

correspond to T helper epitopes; promoting cellular uptake by adding hydrophobic residues;
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by forming particulate stnicturcs; or any combination of these {see generally. Hart, op. cit.,

Milich et al., Proc. Natl Acad ScL USA 1610-1614, 1988; Willis, Nature 340:323-324,

1989; Griffiths etal., J. ViroL 65:450-456, 1991).

Still other examples include GDVs which (fired the expression of a non-

5 tumorigenic, tumor associated antigen, such as the altered ras (ras*) gene (see U.S.S.N.

07/800,328). Briefly, the ras* gene is an attractive target because it is causally linked to the

neoplastic phenotype, and indeed may be necessary for the induction and maintenance of

tumorigeneas in a wide variety of distinct cancers, such as pancreatic carcinoma, colon

carcinoma and lung adraocarcinoma. In addition, ras* genes are found in pre-neoplastic

10 tumors, and therefore immune intervention therapy may be applied prior to detection of a

malignant tumor.

Normal ras genes arc non-tumorigenic and ubiquitous in all mammals. They

are highly conserved in evolution and appear to play an important role in maintenance of the

cell cycle and normal growth properties. The nonnal ras protein is a G-protein which binds

1 5 GTP and has GTPase activity, and is invohred in transmitting signals from the external milieu

to the inside ofthe cell, thereby allowing a cell to respond to its wivironment. Ras* genes on

the other hand alter the normal growth regulation of neoplastic ceUs by uncoupling cellular

behavior from the environment, thus leading to the uncontrolled proliferation of neoplastic

cells. Mutation of the ras gene is believed to be an early event in carcinogenesis (Kumar

20 et al.. -Activation of ras Oncogenes Preceding tiie Onset of Neoplasia," Science 248: 1 101-

1 104. 1990). which, iftreated early, may prevent tumorigenesis.

Ras* genes occur in a wide variety of cancers, including for example,

pancreatic, colon, and lung adenocarcinomas. However, the spectrum of mutations

occurring in the ras* genes found in a variety of cancers is quite limited. These mutations

25 alter the GTPase activity of the ras protein by converting the normal on/oflF switch to a

constitutive ON position. Tumorigenic mutations in ras* occur primarily (in vivo) in only 3

codons: 12, 13 and 61. Codon 12 mutations are the most prevalent in both human and

animal tumors.

Within another embodiment of the present invention, a GDV is provided

30 which directs the expresaon of an altered p53 (p53*) gene. Briefly, p53 is a nuclear

phosphoprotein which was originally discovered in extracts of transformed cells, and thus

was initially classified as an oncogene (Linzer and Levine, Cell J 7:43-52, 1979; Lane and

Crawford, Nature 275:261-263, 1979). It was later discovered that the original p53 cDNA

clones were mutant forms of p53 (Hinds et al., J. ViroL 65:739-746, 1989). It now appears

35 that p53 is a tumor suppressor gene, which negatively regulates the cell cycle, and that

mutation of this gene may lead to tumor formation. Of colon carcinomas that have been
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Studied, 75%-80% show a loss of both p53 alleles, one through deletion, and the other

through point mutation. Similar mutations are found in lung cancer, and in brain and breast

tumors.

The majority of p53 mutations (e.g., p53*l, p53*2, etc.) are clustered

5 between amino-add residues 130 to 290 (see Levine et al.. Nature 351AS2-4S6, 1991; see

also the foUowing references i»*ich describe qiedfic mutations in more detail: Baker et al.,

Science 244:217-221, 1989; Nigro et al.. Nature 5^2:705-708, 1989 (p53 mutations chister

at four "hot spots" which coindde with the four highly conserved r^ons of the genes and

these mutations are observed in human brain, breast, lung and colon tumors); Vogelstein,

10 Nature 348:6S\-6i2, 1990; Takahashi et al.. Science 246:491-494, 1989; Iggo et al.. Lancet

535:675-679, 1990; James etal., Proc. Natl. Acad Sci. USA *5:2858-2862, 1989; Mackay
et al.. Lancet 7/:1384.1385.1988; Kehnan et al.. Blood 7-/:23 18-2324, 1989; Malkin et al.,

Science 250:1233-1238, 1990; Baker etal.. Cancer Res. 50:7717-7722, 1991; Chiba et al.,

Oncogene 5:1603-1610, 1990 (pathogenesis of eariy stage non-small cell lung cancer is

15 assodated with somatic mutations in the p53 gene between codons 132 to 283); Prosser

et al.. Oncogene 5:1573-1579, 1990 (mutations in the p53 gene coding for amino adds 126

through 224 were identified in primary breast cancer); Cheng and Hass, Mol. Cell. Biol.

70:5502-5509. 1990; Bartek et al.. Oncogene 5:893-899, 1990; Rodrigues et al.. Proc Natl.

Acad Sd. USA 57:7555-7559, 1990; Menon et al., Proc. Natl. Acad Sci. USA 87:5435-

20 5439, 1990; MulUgan et al., Proc. Natl. Acad Sci. USA 57:5863-5867. 1990; and Romano
et al.. Oncogene -/: 1483-1488, 1990 Odentification ofa p53 mutation at codon 156 in human
osteosarcoma derived cell line HOS-SL)).

Certain alterations ofthe p53 gene may be due to certain specific toxins. For

example, Bressac et al. (Nature 550:429-431, 1991) describes spedfic G to T mutations in

25 codon 249, in patients affected with hepatocellular carcinoma. One suggested causative

agCTt of this mutation is aflatoxin Bj, a liver cardnogen which is known to be a food

contarruiumt in Afiica.

Four r^ons of the g«ie that are particularly affected occur at residues 132-

145, 171-179, 239-248, and 272-286. Three "hot spots" of particular interest occur at

30 residues 175, 248 and 273 (Levine et al.. Nature 557:453-456, 1991). These alterations as

well as others which are described above result in the production of prx)tein(s) which contain

novd coding sequence(s). The novel protdns encoded by these sequences may be used as a

marker of tumorigenic cells, and an immune response directed against these novel coding

regions may be utilized to destroy tumorigenic cells containing the altered sequence (p53*).

35 Within another embodiment of the present invention, a GDV is provided

which directs the expression of an altered Rb (Rb*) gene. Briefly, retinoblastoma is a
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childhood eye cancer associated with the loss ofa gene locus designated Rb, which is located

in chromosome band 13ql4. A gene from this region has been cloned which produces a

nuclear phosphoprotein of about 110 kd (Friend etal.. Nature 523:643, 1986; Lee etal..

Science 255: 1394, 1987; and Fung et al.. Scieme 235:1657, 1987).

S Rb is believed to be a n^attve regulator of cellular proliferation, and has a

role in transcriptional c6ntrol and cell-cycle regulation. Rb binds to at least seven proteins

fotind in the nucleus, and in particular, appears to be involved wth a cellular transcription

factor which has been designated both E2F (Bagchi et al., CeU 52:659-669, 1990) and DRTF

(Shiyji and La Thangue. h4oL Cell Biol 77:1686-1695, 1991). Rb is beUeved to restrict

10 cellular growth by sequestering a variety of nuclear proteins involved in cellular proliferation.

Deletions within the Rb gene have been detected which evidence that the Rb

gene may be responsible for tumorigenicity. These deletions include, for example, a deletion

in exon 21 in a prostate cancer and bladder cancer cell line (Bookstein etal.. Science

2^7:712-715, 1990; Horowitz etal.. Science 243:937, 1989), a del^ion of exon 16 in a

15 small-cell carcinoma of the lung (Shew etal.. Cell Growth and Diff. 7:17, 1990), and a

deletion between exons 21 and 27 (Shew etal., Proc. Natl Acad. Sci. USA 87:6, 1990).

Deletion of these exons results in the production of a protein containing a novel coding

sequence at the junction of the deleted exons. This novel protan coding sequence may be

used as a marker of tumorigenic cells, and an immune response directed against this novel

20 coding region may eliminate tumorigenic cells containing the Rb exon deletion.

Within another embodiment of the present invention, a GDV is provided

which directs the expression of an altered gene which causes Wilms* tumor. Briefly, Wilms'

tumor is typically found in children younger than 16 years of age. One child in 10,000 will

develop this tumor, which comprises approximately 5% of childhood cancers. The tumor

25 usually presents itself as a large abdominal mass which is surrounded by a fibrous

pseudocapsule. Approximately 7% of the tumors are multifocal in one kidney, and 5.4% are

involved vwth both kidneys. The Wihns' tumor gene has been localized to chromosome

1 lpl3, and a cDNA clone (vrtl) has been isolated that is characteristic of a tumor suppressor

gene (CaU ct al.. Cell 60:509, 1990; Gessler et al.. Nature 343:744, 1990; Rose et al. Cell

30 60:495, 1990; and Haber et al.. Cell 67:1257, 1990). The wtl gene encodes a protein which

contains four zinc fingers and a glutamine and proline rich amino terminus. Such structures

are believed to be associated with transcriptional and regulatory fimctions.

Mutations of the Wilms* tumor gene include the insertion of lysine, threonine,

and serine between the third and forth zinc fingers. A wtl protein which contains such

35 insertions does not bind to the EGR-1 site. A second alternative mutation results in the

insertion of about 17 amino acids in the region immediately NH2-terminal to the zinc finger
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domain (Madden et al., Science 1550-1 553, 1991; CaU et al., Cell 60:509, 1990; Gessler

etal., Nature 343:1AA, 1990; Rose etal., Cell 60:495, 1990; Haber etal.. Cell 61:1251,

1990; and Buckler et al., Mol. Cell. Biol. 77: 1707, 1991).

WxHm another embodiment of the present invention, a GDV is provided

5 which directs the expression of an altered nuicin. Mudns are large molecular weight

glycoproteins which contain approximately 50% carbohydrate. Polymoiphic epithelial mucin

(PEM) is a tumor-assodated mucin (Girling et al.,M J. Cancer 1072-1076, 1989) which

is found in the serum of cancer patients. The fiiU-length cDNA sequence has been identiSed

(Gendler etal., J.Biol. Chem. 255(25): 15286-15293, 1990; Lan etal., J.Biol. Chem.
10 2tfJ(25):15294-15299, 1990; and Ligtenbeig etal.. J.Biol. Chem. 265:5573-5578, 1990).

Breast tumors and pancreatic tumors both express a mudn with an identical core sequence,

containing a 20 amino-acid tandem repeat (Jerome et al.. Cancer Res. 57:2908-2916, 1991).

CTL lines which have been developed to breast tumors which cross-react with pancreatic

tumor targets, and further appear to specifically recognize the specific 20 amino-acid tandem

15 repeat (Jerome et al., supra). A sequence encoding one or more of the 20 amino-acid

tandem repeats may be expressed by a GDV of the present invention, in order to develop an

immune response against tumor cdls which contain this sequence.

Witbin another embodimoit of the present invention, a GDV is provided

which directs the expression of an altered DCC (deleted in colorectal carcinomas) gene.

20 Briefly, a very common region of allelic loss in colorectal tumors is chromosome 18q, which

is lost in more than 70% of carcinomas, and in ahnost 50% of late adenomas. A presumptive

tumor suppressor gene (DCC) fi-om this region has been identified (Fearon et al., 1990).

which encodes a protein with significant homology to cell-surface adhesion molecules, such

as neural cell-adhesion molecule (NCAM) and contactin (reviewed by Edebnan in Biochem

25 27:3533-3543, 1988). This protein is bebeved to play a role in the development of colorectal

tumors, perhaps through alterations in normal cell-cell and/or cell-extracellular matrix

interactions.

The DCC ga>e is expressed in normal colonic mucosa, but its expression is

reduced or absent in the majority of colorectal carcinomas (Solomon, Nature 5-/J:412-414,

30 1990). This loss of expression has been associated in some cases with somatic mutations of

the DCC gene. A contiguous stretch ofDNA comprising 370 kb has been cloned which

encodes an approximately 750 amino acid protein (Fearon etal., "Identification of a

Chromosome 18q Gene That Is Altered in Colorectal Cancers," Science 247:49-56, 1990).

Within another embodiment of the present invention, a GDV is provided

35 which directs the expression of MCC or APC. Both MCC (mutated in colorectal cancer)

and APC have been identified as tumor suppressor genes (Kinzler et al.. Science 257:1366-
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1370, 1991) wWch undergo mutation in familial adenomatous polyposis (FAP). FAP is

believed to be the most common autosomal dominant disease which leads to cancer, and it

affects at least 1 in 5,000 individuals in the Unhed States (Nishiho etal., Science 253:665-

669, 1991). Affected individuals usually develop hundreds to thousands of adenomatous

5 polyps of the colon and rectum, which may progress to carcinoma. Gardner's syndrome

("GS," a variant ofFAP) presents desmcnd tumors, osteomas, and other neoplasms to^er

with multiple adenomas ofthe colon and rectum. This prolifiBiation is beUeved to be induced

by loss or inactivation of the iamilia] adenomatous polyposis gene (and in particular, MCC

and APC) whidi is foimd on chromosome Sq.

10 For example, in Nishiho et al. {supra), the following germ line mutations of

the APC gene were found in FAP and GS patients: (1) Codon 280, a serine to stop mutation

Cm a patient with mandibular osteoma), (2) codon 302, an arginine to stop mutation in two

separate patients, one with a desmoid tumor, (3) codon 414, an arginine to cysteine mutation

in a patient with mandibular osteoma, and (5) codon 713, a serine to stop mutation in

15 another patient with mandibular osteoma (Nishiho et al.. Science 255:665-669, 1991). In

addition, six point mutations were identified in MCC codon numbers 12, 145, 267, 490, 506,

and 698, as well as an additional 4 somatic mutations in APC (codons number 289. 332, 438,

and 1338).

Within other embodiments of the invention, a GDV is provided which directs

20 the expression of an altered receptor which is fimctionally locked or stuck in an "ON" or

"OFF" mode. Briefly, many cellular receptors are involved in cell growth by monitoring the

external environment and signaling the ceU to respond appropriately. If either the monitoring

or signaling mechanisms faU, the cell will no longer respond to the external environment and

may exhibit unconu-oUed growth. Many different receptors or receptor-like structures may

25 function as altered cellular components, including, for example, neu and mutated or altered

forms of the thyroid hormone receptor, the PDGF receptor, the insulin receptor, the

Interleukin receptors ie.g., JL-l. -2, -3, etc. receptors), or the CSF receptors, such as the G-

CSF, GM-CSF, orM-CSF receptors.

For example, neu (also referred to as the Human Epidermal Growth Factor

30 Receptor "HER" or the Epidermal Growth Factor "EGF" receptor) is an altered receptor

which is found in at least 28% ofwomen with breast cancer. A cDNA clone which encodes

this protein has been isolated (Slamon et al.. Science 244:107-112, 1989; Slamon et al..

Cancer Cells 7:371-380, 1989; Shih etal., Nature 290:261, 1981). This clone encodes a

protein that has extracellular, transmembrane, and intracellular domains (Schechter. Nature

35 i72:513. 1984; Coussens et al.. Science 230:1132. 1985) and thus is believed to encode the

neu receptor.
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Studies of the rat neu gene isolated from chemically induced

neuroglioblastoma cells indicate that it contains a single mutation at position 664 from valine

to glutamic add (Bargmann ctal., EMBOJ. 7:2043, 1988). In other studies, baby rats

which were treated whh N-ethyl-N-nitrosourea developed malignant tumors of the nervous

5 system. All 47 trigoninal schwannomas and 12 neurinomas which developed carried a T to

A transversion at position 664 of the neu gene ^Bldtin et al., Proc. Natl. Acad Sci USA
«*:9939-9943, 1991).

Other altered receptors may also be expressed by GDVs in order to destroy

selected tumor cells. For example, a deletion in chromosome 3p21-p25 has been associated

10 with small-cell lung carcinomas (Leduc etal.. Am. J. Hum. Genet, 44:2S2'2i7, 1989). A
deletion is believed to occur in the ERBAb gene which otherwise codes for a DNA-binding

thyroid hormone receptor (THR).

Alterations in receptors as described above result in the production of

protdn(s) (or receptors) containing novel codmg sequence(s). The novel protein(s) encoded

15 by these sequence(s) may be used as a marker oftumorigenic cells, and an immune response

directed against these novel coding region(s) may be utilized to destroy tumorigenic cells

containing the altered sequence(s) or gene(s).

If the akered cellular component is assodated with making the cell

tumorigenic, then, it is necessary to make the altered cellular component non-tumorigenic.

20 For example, within one embodiment, the sequence or gene of interest which encodes the

altered cellular component is truncated in order to render the gene product non-tumorigenic.

The gene encoding the altered cellular component may be truncated to a variety of sizes,

although it is preferable to retain as much as possible of the altered cellular component. In

addition, it is necessary that any truncation leave intact at least some of the immunogenic

25 sequences of the altered ceUular component. Ahematively, multiple translational tem^ ation

codons may be introduced into the gene which encodes the altered cellular component,

downstream of the inmiunogenic region. Insertion of termination codons will prematurely

terminate protein expression, thus prevmting expression of the transforming portion of the

protein.

30 WTithin one embodiment, the ras* gene is truncated in order to render the ras*

protein non-tumorigenic. Briefly, the carboxy-tenninal amino acids ofras* fiinctionally allow

the protein to attach to the cell membrane. Truncation of these sequences renders the altered

cellular component non-tumorigenic. Preferably, the ras* gene is truncated in the purine ring

formation, for example around the sequence which encodes amino acid number 110. The

35 ras* gene sequence may be tnincated such that as little as about 20 amino acids (including
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the altered amino arid(s) are encoded by the GDV, although preferably, as many amino acids

as posable should be expressed (while maintaining non-tumorigenicity).

WitWn another embodiment, the p53* protwn is modified by truncation in

order to render the cellular component non-tumorigenic. As noted above, not all mutations

5 of the p53 protein are tumorigenic, and therefore, not aU mutations would have to be

truncated. Nevertheless, within a prefiared embodiment, p53' is truncated to a sequence

w*ich encodes amino adds 100 to 300, thereby including aU four m^or "hot ^ts."

Other altoed cdluku- components vAmiti are oncogemc may also be truncated

in order to render them non-tumorigenic. For example, both neu and bcr/abl may be

10 truncated in order to rendw them non-tumorigenic. Non-tumorigenidty may be confirmed

by assaying the truncated altered cellular component as described above.

It should be noted, however, that if the altered cellular component is only

assodated with non-tumorigenic ceUs in general, and is not required or essential for making

the ceU tumorigenic, then it is not necessary to render the cdlular component non-

15 tumorigenic. Rq)resentative examples of such altered cellular components wHch are not

tumorigoiic include Rb*, ubiquidn*, and mucin .

As noted above, in order to generate an appropriate immune response, the

altered cellular component must also be immunogenic. Immunogemdty of a particular

sequence is often difficult to predict, although T cell epitopes often possess an immunogenic

20 amphipathic alpha-helfac component In general, however, it is preferable to determine

immunogemdty in an assay. Representative assays include an ELISA which detects the

presence of antibodies against the newly introduced vector, as well as assays which test for T

helper ceUs such as gamma-interferon assays, IL-2 production assays, and proUferation

assays. A particularly preferred method for determining immunogenidty is the CTL assay.

25 Once a sequence encoding at least one anti-tumor agent has been obtained, it

is preferable to ensure that the sequence encodes a non-tumorigenic protdn. Various assays

are known and may easily be accomplished which assess the tumorigenidty of a particular

cellular component. Rqjresentative assays include tumor formation in nude mice or rats,

coloity formation in soft agar, and preparation oftransgenic animals, such as transgenic mice.

30 For this and many other aspects of the invemion, tumor formation in nude

mice or rats is a particularly important and sensitive method for determining the

tumorigenidty of an anti-tumor agent. Nude mice lack a fiinctional ceUular immune system

(i.e., do not possess CTLs), and therefore provide a useful in vivo modd in which to test the

tumorigenic potemial of cells. Normal non-tumorigenic cells do not display uncontrolled

35 growth properties if injected into nude mice. However, transformed cells will rapidly

proliferate and generate tumors in nude mice. Briefly, in one embodiment the GDV is
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delivered to syngeneic murine cells, followed by injection into nude mice. The mice are

visuaUy examined for a period of 2 to 8 weeks aftor injection in order to determine tumor
growth. The mice may also be sacrificed and autopaed in order to determine whether

tumors are present. (Giovanella et al., J.Natl. Cancer Inst. -#5:153 1-1533, 1972; Furesz

5 et al., "Tumorigenldty testing of ceU lines considered for production of biological drugs,"

Abjwmud Cells, New Products and Risk, Hopps and Petricdani (eds.). Tissue Culture

Association, 1985; and Levenbook et al., J.Biol. Std /i:135-141, 1985). Tumorigenicity

may also be assessed by visualizing cokmy formation in soft agar (MacPherson and

Montagnier, Vir. 25:291-294, 1964). Briefly, one property of normal non-tumorigenic ceUs

10 is "contact inhibition" (/.&, cells wUI stop proliferating when they touch neighboring cells). If

cells are plated in a semi-solid agar support medium, normal cells rapidly become contact

inhibited and stop proliferating, whereas tumorigenic cells will continue to proliferate and

form colonies in soft agar.

Transgenic animals, such as transgenic mice, may also be utilized to assess the

15 tumorigenicity of an anti-tumor agent (e.g., Stewart et al.. Cell 55:627-637. 1984; Quaife

et al.. Cell ^5:1023-1034, 1987; and Kwke et al., Proc. Nail. Acad Sci. USA 55:5615-5619.

1989). In transgenic animals, the gene of interest may be expressed in all tissues of the

animal. This unregulated expresaon of the transgene may serve as a model for the

tumorigenic potential ofthe newly introduced gene.

2^ In addition to tumorigenicity studies, it is generally preferable to determine

the toxicity of the toxic palliatives, such as anti-tumor agait(s), prior to administration. A
variety of methods well known to those of skill in tiie art may be utilized to measure such

toxicity, including for example, clinical chemistry assays which measure the systemic levels of
various proteins and enzymes, as well as blood cell volume and number. Preferred doses for

25 the assay wiU be 10^, 10^, 10? 10«, 10^ lOio. and 10" colony fonning units (when the GDV
is assayable by drug selection maricers) or the same range ofplaque forming units for vectors

tiiat can be assayed by plaque formation (e.g.. adenoviral vectors) or Uie same range from
selection units forGDV that need to be assayed differently.

Cell mediated and humoral responses may also be induced against a

30 pathogenic agent, particularly viial and bacterial diseases, by administration of immunogenic
portion(s) as discussed above. Briefly, immunogenic portions carrying relevant epitopes can

be produced in a number of known ways (Ellis and Gerety, J. Med Virol. J/:54-58, 1990),

including chemical synthesis (Bergot et al.. Applied Biosystems Peptide Synthesizer User
Bulletin No. 16, 1986, Applied Biosystems, Foster City, California) and DNA expression in

35 recombinant systems, such as the insect-derived baculovirus system (Doerfler, Current

Topics in Immunology 757:51-68, 1986), mammalian-derived systems (such as CHO cells)
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(Beraian et al., J. Virol <Si:3489-3498, 1989), yeast-derived systems (McAleer et al., Nature

307:178-180), and prokaryotic systems (Burrd et al., Nature 279A3-47, 1979).

The present invention also provides GDVs «q>able of immune down-

regulation. Specific down-regulation of inappropriate or unwanted immune responses, such

5 as in autoimmune or pseudo-autoimmune diseases such as chronic hepatitis, diabetes,

rheumatoid arthritis, graft vs. host disease and Alzheimer's, or in transplants ofheterologous

tissue such as bone marrow, can be engineered using immune-suppressive viral gene

products, or active portion thereof; which suppress surfiu» expression of transplantation

(MHC) antigen. Wthin the present invention, an "active portion" of a gene product is that

10 fragment of the gene product which must be retained for biological activity. Such fragments

or active domains can be readily identified by systematically removing nucleotide sequences

from the protein sequence, transforming target cells with the resulting recombinant GDV,

and determining MHC class I presentation on tiie surfece of ceUs using FACS analysis or

other immunological assays, such as a CTL assay. These fragments are particularly useful

1 5 when the size of the sequence encodmg the entire protein exceeds the capacity of the viral

carrier. Alternatively, the active domain of the MHC antigen presentation inhibitor protein

can be enzymatically digested and the active portion purified by biochemical methods. For

example, a monoclonal antibody that blocks the active portion of the protein can be used to

isolate and purify the active portion of the cleaved protein (Harlow et al.. Antibodies: A

20 LaboratoryMomml, Cold Springs Harbor, 1988).

Within one embodiment, the suppression is efiFected by specifically inhibiting

the activation of CTL by Uie display of processed peptides in the context of self MHC

molecules along with accessory molecules such as CDS. interceUular adhesion molecule -1

(ICAM-1), ICAM-2. ICAM-3, leukocyte fimctional antigen-1 (LFA-1) (Altmann et al.,

25 Nature 335:521. 1989). the B7.1-.3 molecule (Freeman et al.. / Immunol. 143:2714, 1989),

LFA-3 (Singer, Science 255:1671, 1992; Rao. Crit. Rev. Immunol. 70:495. 1991). or other

ceU adhesion molecules. Antigenic peptide presentation in association with MHC class I

molecules leads to CTL activation. Transfer and stable integration of specific sequences

capable of expressing products expected to inhibit MHC antigen presentation block

30 activation ofT-cells. such as CD8+ CTL. and therefore suppress graft rejection. A standard

CTL assay is used to detect this response. Components of the antigen presentation pathway

include the 45 Kd MHC class I heavy chain. P2-™croglobulin, processing enzymes such as

proteases, accessory molecules, chaperones, and transporter proteins such as PSFl.

In an alternative example, the recombinant GDV directs the expression of a

35 gene product or an active portion of a gene product capable of binding p2-niicroglobulin.

Transport of MHC class I molecules to the cell surface for antigen presentation requires
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association with 32-niicrogIobuIin. Thus, proteins that bind P2-™croglobuIin and inhibit its

association with MHC class I indirectly inhibit MHC class I antigen presentation. Suitable

proteins include the H301 gene product. Briefly, the H301 gene, obtained from the human

cytomegalovirus (CMV) encodes a glycoprotein with sequence homology to the p2-

5 microglobulin binding site on the heavy chain of the MHC class I molecule (Browne et al.,

Nature 347:770, 1990)/ H301 binds p2-mcrogl«*ulin. thereby preventing the maturation of

MHC class I molecules, and renders transformed cells unrecognizable by cytotoxic T-cells,

thus evadingMHC dass I restricted immune surveillance.

Within another embodiment, the recombinant GDV directs the expression ofa

10 protein or active portion ofa protein that binds to newly synthesized MHC class I molecules

intracellulariy. This binding prevents migration of the MHC class I molecule from the

endoplasmic reticulum, resulting in the inhibition of tenninal glycosylation. This blocks

transport of these molecules to the cell sur&ce and prevents cell recognition and lysis by

CTL. For instance, one of the products of the E3 gene may be used to inhibit transport of

15 MHC class I molecules to the surface ofthe transformed cell. More specifically, E3 encodes

a 19 kD transmembrane glycoprotein, E3/19K, transcribed from the E3 region of the

adenovirus 2 genome. Within the context of the present invention, tissue cells are

transformed with a recombinant GDV containing the E3/19K sequence, M*ich upon

expression produces the E3/19K protein. The E3/19K protein inhibits the surfece expression

20 of MHC class I surface molecules, and cells transformed by the GDV evade an immune

response. Consequently, donor cells can be transplanted with reduced risk of graft rejection

and may require only a minimal immunosuppressive regimen for the transplant patient. This

allows an acceptable donor-recipient chimeric state to exist with fewer complications

Similar treatments may be used to treat the range of so-called auto immune diseases,

25 including lupus eiythromatosis, multiple sclerosis, rheumatoid arthritis or chronic hepatitis B
infection.

Another alternative method of immunosuppression involves the use of

antisense message, ribozyme, or other gene expression inhibitor specific for T-cell clones

which are autoreactive in nature. These block the expression of the T-cell receptor of

30 particular unwanted clones responsible for an auto immune response. The anti-sense,

ribozyme, or other gene may be introduced using a viral vector delivery system.

Other proteins, not discussed above, that function to inhibit, suppress or

down-regulate MHC class I antigen presentation may also be identified and utilized within

the context of the present invention. In order to identify such proteins, in particular those

35 derived from mammalian pathogens (and, in turn, active portions thereof), a recombinant

GDV that expresses a protein or an active portion thereof suspected of being capable of
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inhibttingMHC dass I antigen presentation is transformed into a tester cell line, such as BC.

The tester ceU lines with and without the sequence encoding the candidate protein are

compared to stimulators and/or targets in the CTL assay. A decrease in cell lysis

corresponding to the transformed tester ceU indicates that the candidate protein is capable of

S inhibitingMHC presentation.

Another ahemative method to determine down-regulation of MHC class I

surfiice expression is by FACS analysis. More specifically, ceD lines are transformed with a

recombinant GDV encoding the candidate protein. After drug selection and expansion, the

ceOs aie analyzed by FACS for MHC class I expression and compared to that of non-

10 transformed ceUs. A decrease in cell surface expression ofMHC dass I indicates that the

candidate protein is capable of inhibiting MHC presentation. This aspect of the present

invention is forther discussed in co-pending U.S.S.N. 08/1 16,827.

Many infectious diseases, cancers, auto immune diseases, and other diseases

involve the interaction of viral partides with cdls, ceUs with cells, or cdls with factors. In

1 5 viral infections, viruses commonly enter cdls via receptors on the surfece of susceptible cells.

In cancers, cells may respond inappropriatdy or not at aU to signals firom other cells or

factors. In auto immune disease, there is inappropriate recognition of "ser markers. Within

the present invention, such interactions may be blodced by utilizing GDVs that produce,

in vivo, an analogue to dtiier oftije partners m an imeraction. Such an analogue is known as

20 a blocking agent.

This blocking action may occur intracdlularly, on the ceU membrane, or

extraceUularly. The blocking action of a viral or, in particular, a retroviral GDV canying a

gene for a blocking agent, can be mediated dther from inside a susceptible cell or by

secreting a version ofthe blocking protein to locaUy block tfie pathogenic interaction.

25 For example, in tiie case of HIV, tiie two agents of interaction are the gp

120/gp 41 envdope protein and tiie CD4 receptor molecule. Thus, an appropriate blocker

would be a GDV expressing either an HIV env analogue tiiat blocks fflV entry without

causing pathogenic effects, or a CD4 receptor analogue. The CD4 analogue would be

secreted and would function to protect ndghboring cells, while the gp 120/gp 41 is secreted

30 or produced only intracdlularly so as to protect only the vector-containing cdl. It may be

advantageous to add human immunoglobulin heavy chains or other components to CD4 in

order to enhance stability or complement lysis. Delivery of a retroviral vector encoding such

a hybrid-soluble CD4 to a host results in a continuous supply of a stable hybrid molecule.

Vector partides leading to expression ofHIV env may also be constructed. It

35 will be evident to one skiUed in tiie art which portions are capable of blocking virus
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adsorption without overt pathogenic side effects (WiUey et al.. J. Virol «:139, 1988; Fisher

et al.. Science 2Ji:655, 1986).

Another aspect of the invention involves the delivery of suppressor genes

which, when deleted, mutated or not expressed in a cell type, lead to tumorigenesis in that

5 cell type. Reintroduction of the deleted gene by means of a viral vector leads to regression

ofthe tumor phenotype in these cells. Since malignancy can be considered to be an inhibition

of ceUular terminal diflferentiation compared with cell growtii, the delivery and expression of

gene products which lead to differentiation of a tumor should also, in general, lead to

regression.

10 In another alternative embodiment, the GDVs are administered via the use of

cationic liposomes {see Wang et al.. PNAS 84: 7851, 1987). These are charged polymers,

such as DOTMA and lipofectamine, that naturaOy complex with nucleic acids in aqueous

solution to give complexes that are readily taken up by cells in vivo or ex vivo.

Sequences which encode the above-described altered cellular components

15 may be obtained from a variety of sources. For example, plasmids which contain sequences

that encode altered cellular products may be obtained from a depository such as the

American Type Culture CoUection (ATCC, RockviUe. Maryland), or from commercial

sources such as Advanced Biotechnologies (Columbia, Maryland). Representative examples

of plasmids containing some of the above-described sequences include ATCC No. 41000

20 (containing a G to T mutation in tfie 12th codon of ras), and ATCC No. 41049 (containing a

G to A mutation in the 12th codon).

Alternatively, plasmids which encode normal cellular components may also be

obtained from depositories such as the ATCC (see, for example, ATCC No. 41001 which

contains a sequence which encodes tiie normal ras protein, ATCC No. 57103 which encodes

25 abl; and ATCC Nos. 59120 or 59121 which encode the bcr locus) and mutated to form the

altered cellular component. Methods for mutagenizing particular sites may readily be

accomplished using methods known in the art (see Sambrook et al., supra., 15.3 et seg.). In

particular, point mutations of normal cellular components such as ras may readily be

accomplished by site-directed mutagenesis of the particular codon, for example, codons 12,

30 13 or 61.

Other nucleic acid molecules that encode the above-described substances, as

weD as other nucleic acid nK>]ecules that are advantageous for use within the present

invention, may be readily obtained from a variety of sources, including for example

depositories such as the American Type Culture Collection (ATCC, Rockville, Maryland), or

35 from commercial sources such as British Bio-Technology Limited (Cowley, Oxford

England). Representative examples include BEG 12 (containing the GM-CSF gene coding
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for the mature protein of 127 amino adds). BBG 6 (which contains sequences encoding

gamma interferon), ATCC No. 39656 (which contains sequences encoding TNF), ATCC

No. 20663 (which contains sequences encoding alpha interferon), ATCC Nos. 3 1902, 31902

and 39517 (which contains sequences encoding beta interferon). ATCC No 67024 (which

5 contains a sequence which encodes Interleukin-lb), ATCC Nos. 39405, 39452, 39516,

39626 and 39673 (which contains sequences encoding InterieuIdn-2), ATCC Nos. 59399,

59398, and 67326 (which contain sequences encoding Interieukin-3), ATCC No. 57592

(which contains sequences encoding Interleukin-*). ATCC Nos. 59394 and 59395 (which

contain sequences encoding Interieukin-5), and ATCC No. 67153 (which contains sequences

10 encoding Inta'leukin-6).

Moleculariy doncd genomes which encode the hepatitis B vinis may be

obtained fiom a variety of sources including, for example, the American Type Culture

CoUection (ATCC. Roclcville, Maiyland). For example, ATCC No. 45020 contains the total

genomic DNA of hepatitis B (extracted from purified Dane partides) (see Figure 3 ofBlum

15 et al.. TIG 5(5): 1 54-1 58, 1989) in the Bam HI site of pBR322 (Moriarty et al., Proc. Natl.

Acad Set. USA 75:2606-2610, 1981). (Note that correctable errors occur in the sequence of

ATCC No. 45020.)

Ahemativdy, cDNA sequences for use with the present invention may be

obtained from cdls which express or contain the sequences. Briefly, within one embodiment

20 mRNA from a ceU whidi expresses the gene of interest is reverse transcribed with reverse

transcriptase using oUgo dT or random primers. The single stranded cDNA may then be

amplified byPCR {see U.S. Patent Nos. 4,683,202. 4,683,195 and 4,800,159. See also PCR

Technology: Principles and Applications for DNA Amplification, Erlich (ed ). Stockton

Press. 1989) utilizing oligonudeotide primers complementary to sequences on either side of

25 desired sequences. In particular, a double stranded DNA is denatured by heating in the

presence of heat stable Taq polymerase, sequence specific DNA primers, ATP, CTP, GTP

and TTP. Double-stranded DNA is produced when synthesis is complete. This cyde may be

repeated many times, resulting in a fiictorial ampUfication ofthe desired DNA.

Nuddc acid molecules that are suitable for use with the present invention

30 may also be synthesized, for example, on an Applied Biosystems Inc. DNA synthesizer (e.g.,

APB DNA synthesizer modd 392 (Foster City, California).

in. Hene TheraPV

One further aspect of the present invention is the use of vectors and nudeic

35 add sequences such as those described above, in combinations to achieve a therapeutic effect

or an enhanced therapeutic effect.
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In preferred embodiments, the GDVs, preferably retroviral vectors, are

selected to provide the following combinations of products and/or effects. Each GDV can

encode one or more antigen-based products, such as when one GDV encodes HTV envelope

antigen and another GDV encodes HBV core antigen. This combination can be produced,

5 for example, by buUding one GDV containing the HIV mB strain env/rev genes and one

GDV containing the HBV adr strain core gene. Altemativefy, one GDV can be an antigen-

based vector with a second GDV being an immune enhancing gene-based vector, such as

where the HTV env gene is in one GDV and IL.2, IFN, or IL-12 is in another. Further, one

GDV can be a pro-drug vector (i.e., provide a conditionally lethal gene product that is

10 activated at a desired time or location) and the other is an immune enhancing gene-based

vector, such as where the TK (Thymidine Kinase) gene is in one GDV and the IFN gene is in

another. Alternatively, both GDV may deliver antisense genes that block translation of

different viral proteins, such as where one GDV provides antisense to rev of HTV and the

other GDV provides antisense to RT of HIV; this combination provides the further

15 advantage that there is a lowered chance of a single target virus mutating to escape both

antisense molecules.

As an example of the present invention, GDVs can be used to treat Gaucher

disease, (jaucher disease is a genetic disorder that is characterized by the deficiency of the

enayme glucocerebrosidase. This type oftherapy is an example ofa single gene replacement

20 therapy by providing a deficient cellular enzyme. This enzyme deficiency leads to the

accumulation of giucocerebroside in the lysosomes of all cells in the body. However, the

disease phenotype is manifested only in the macrophages except in the very rare

neuronpathic forms of the disease. The disease usually leads to enlargement of the liver and

spleen and lesions in the bones. (For a review see Science 256:794, 1992 and 77?^ Metabolic

25 Basis ofInherited Disease, 6th ed., Scriver, et al., vol. 2, p. 1677). Various approaches for

treatment have included supplying exogenous enzyme purified fi-om human placenta using

various macrophage targeting techniques including resealed erythrocytes coated with

immunoglobulin and liposome technology but the clinical improvements in patients was

minimal. Not until the human ghicocerebrosidase was purified on an industrial scale and

30 modified for macrophage targeting (commercially known as aglucerase™) has significant

clinical improvement been observed. However, this treatment can run an average $765,000

per year per patient (see Science 256:794, 1992 for review).

In the context of the present invention, when patients are treated with a gene

for a protein that they do not have the capacity to express, there may not only be an antibody

35 response to the protein, but also a cellular immune response to the cells making the protein.

This can be obviated or minimized by administering a GDV encoding the glucocerebrosidase
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in combination with a GDV encoding an inunune suppressive gene such as adenoviral E3

protdn.

IV. PhafiTiRceuticallv AcceDtab|f (^^rrim and Diiuents

5 Phannaceutically acceptable carriers or dihients are nontoxic to rcdpients at

the dosages and concentrations employed. Representative examples of carriers or dUuents

for injectable solutions include water, isotonic saline solutions which are preferably buffered

at a physiological pH (such as phosphate-buffered saline or Tris-buflfered saline), mannitol.

dextrose, glycerol, and ethanol. as weU as polypeptides or proteins such as human serum

10 albumin. A prefened composition comprises a veaor or recombinant vims in 10 mg/ml

mannitol, 1 mg/ml HSA, 20 mM Tris. pH 7.2, and 150 mM NaCl. In this case, since the

recombinant vector represents approximately 1 >ig of material, it may be less than 1% of high

molecular weight material, and less than 1/100,000 of the total material (including water).

This composition is stable at -WC for at least ax months.

15 The pharmaceutically accqjtable carrier or diluent may be combined with the

GDVs to provide a composition either as a Uquid solution, or as a solid form (e.g.,

lyophilized) which can be resuspended in a solution prior to administration. The two or

more GDVs are typically administered via traditional direct routes, such as buccal/sublingual,

rectal, oral, nasal, topical, (such as transdermal and ophthalmic), vaginal, pulmonary,

20 intraarterial, intramuscular, intraperitoneal, subcutaneous, intraocular, intranasal or

irtravenous, or indirectiy. Non-parenteral routes arc discussed further in co-pending U.S.

patem application No. ,
attorney's docket number 930049.429. filed

contemporaneously herewith.

Within one embodiment, the GDVs include a polycationic molecule to

25 provide polycation-assisted administration. Such a method of gene transfer facUitates

deUvery ofa gene via mediation by a physical particle comprised ofmultiple components that

augment the efficiency and specificity of the gene transfer. In particular, polycationic

molecules, such as polylysine and histone, have been shown to neutralize the negative

charges on a nucleic add molecule and to condense tiie molecule into a compact form. This

30 form of molecule is transferred with high effidency in cells, apparently through the endocytic

pathway. The uptake in expression ofthe nucldc acid molecule in the host ceU results after a

scries of steps, as fbUows: (1) attachment to ceU surface; (2) cell entry via endocytosis or

other mechanisms; (3) cytoplasmic compartment entry following endosome release;

(4) nudear transport; and (5) expression of the nuddc add molecule carried by the GDVs.

35 In a further preferred embodiment, multi-layer technologies are appUed to the polycation-

nuddc add molecule complex to faciUtate completion of one or more of these steps. For
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example, a ligand such as asialoglycoprotein, transferrin, and inununoglobulin may be added

to the complex to facilitate binding of the ceU complex to the ceU surface, an endosomal

disruption component (e.g., a viral protein, a fusogenic peptide such as the n-terminus of the

influenza virus hemaglutinin or an inactivated virus) is added to feciliute the release ofDNA
5 from the endosome, or a nuclear protein (or a peptide containing a nuclear localization

signal) is added to &cilitale the transport ofthe DNA into the nuclais. In a further preferred

embodiment, the composition comprising the complex includes inactivated adenovirus

particles (Harris. C.E., 1993; Curiel, D.T., 1993; Christiano, R.J., 1993a; Christiano, R.J.,

1993b; Gotten, M., 1993; Michael, S.L. 1993; Curicl. D.T., 1992). The assorted

10 components comprising the multi-layer complex may be varied as desired, so that the

specificity of the complex for a given tissue, or the gene expressed from the GDV, may be

varied to better suit a particular disease or condition.

A feature of this embodiment of the invention is that the complex tends to

range in size from 80-100 nm (Wagner, E., 1991), which permits easy access into the

15 endosome vesicle, whose average size is 100-200 ran, and the condensed particle size is not

dependent on the molecular weight ofthe nucleic acid molecule, with a 48 kb DNA molecule

transferred into target cells with the same cflSdency as a smaller size DNA construct (Gotten,

M., 1992).

In an alternative mibodiment, the GDVs are administered via the use ofDNA
20 gun technology, which comprises the propulaon of microprojectile beads coated with GDV

comprising a naked nucleic acid molecule via a detonation device through the cutaneous

layer ofthe subject. Typically, this technique comprises initiaUy precipitating the nucleic acid

molecule onto beads (typically on inert material, such as gold or tungsten) using CaP04,
spermidine, or ethanol, and then accelerating the coated beads directly into cells. This

25 method of administration is particularly preferred for immunoregulation embodiments of the

present invention, as the method provides a strong immuno-therapeutic effect, and the

relatively inert and non-immunogenic beads facilitate repeated administration of the multiple

GDVs.

In another alternative embodiment, the GDVs are administered via the use of

30 liposomes. Liposomes are small, lipid vesicles comprised of an aqueous compartment

enclosed by a lipid bilayer, typically spherical or slightly elongated structures and several

hundred angstroms in diameter. Many of the properties of liposomes depend upon the lipid

composition used for their formation, as well as solvent conditions such as ionic strength,

polarity (which may be influenced by the presence of surfactants), pH, and temperature.

35 For delivery of GDVs, a liposome offers several readily exploited features.

Under appropriate conditions, the liposome can fuse with the plasma membrane of a target
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cdi or with the membrane of an endocytic vesicle within a cell which has internalized the

liposome, thereby disgorging its contents into the cytoplasm. Prior to interaction with the

surface of a target cell, however, the liposome membrane acts as a relatively impermeable

barrier which sequesters and protects its contents, for example from d^radative enzymes in

5 the plasma. Liposomes have for this reason also been refeired to as "micropills*.

Additionally, because a liposome is a synthetic structure, custom-formulated liposomes can

be designed that incorporate desirable features. For example, liposomes have been formed

with surfece immunoglobulin incorporated into th«r membrane bilayers for the purpose of

targeting. The Uposome then binds prefisrentially to cells bearing an exteriorly disposed

10 antigen for yttidi the vesicle-bome immunoglobulin (eg., a monoclonal antibody) has

spedfidty. Other examples inchide the addition of membrane proteins that facilitate fusion

of the Uposome mwnbrane vwth the target cell membrane, or the alteration of the liposome

Upid composition {e.g., the addition of cholesterol) to influence the Uposome's phase

transition temperature, an index ofmembrane fluidity/rigidity.

15 Preparation of liposomes typically invohre admixing solutions of one or more

purified phospholipids and cholesterol in organic solvents and evaporating tfie sohrent to

dryness. An aqueous buffer containing the CT>Vs is then added to the lipid fihn and the

mixture is sonicated to create a feirly uniform disperaon of Bposorocs. In certain

embodiments, dialysis, gel filtration, or ultracentrifiigation is then be used to separate

20 unincorporated components from the intact Uposomes. (Stryer, L., Biochemistry, pp236-240

1975 (W.H. Freeman, San Francisco); Szoka et al., Biochim. Biophys. Acta 600:\-n

(1980); Bayer et al., Biochim. Biophys. Acta. 550:464 (1979); Rivnay et al., Meth. Eraymoi

149:\\9 (1987); Wang et al., PNAS 84: 7851, 1987 and. Plant et al.. Anal. Biochem.

776:420(1989).

25 Within another embodiment of the present invention, GDV are provided

which encode part or all of an unaltered antigen Uiat is, however, tumor associated.

Examples inchide MAGEl, MAGE3, tyrosinase hydroxylase genes (Brichard, V., J. Exp.

Med, 178: 489. 1993). MARTI (Kawakarai, Y., PNAS 97:3515, 1994), and for melanoma

and otiier cancers. Ai^ such antigen identified as bring assodated witii an anti-tumor

30 response to any spedfic tumor type can be used.

Alternatively, the GDVs may also be administered via the use of ex vivo

procedures. Such ex vivo procedures include physical and chemical metiiods of uptake of

GDVs into host ceUs via methods such as caldum phosphate predpitation (Dubensky et al.,

PNAS 81:1529-7533, 1984), direct microinjection ofDNA into intact target cells (Acsadi et

35 al., Nature 552:815-818, 1991). and electroporation whereby cells suspended in a

conducting solution are subjected to an intense electric field in order to tranaentiy polarize
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the membrane, aUowing entry of maCTomolecules. These cells then become the GDV of the

invention. Other procedures include the use ofDNA bound to ligand. DNA linked to an
inactive adenovirus (Cotton et al., PNAS «P:6094, 1990), lipofection (Feigner et al.. Proc.

Nad. Acad. Sci. USA 84:7413-7411, 1989), microprojectUe bombardment (WiUiams et al.,

5 PNAS «5:2726-2730, 1991), polycation conq>ounds such as polylysine, receptor specific

ligands, liposomes oitrappiqg recomtwiant GDV, spheroplast fijsion wh^y E. coli

containing GDV constructs are stripped of tbdr outer cell walls and fused to animal cells

using polyeth)rtene glycd and viral transcbiction, (Oine et al., Pharmac. Ther. 29:69, 1985;

and Friedmann et al.. Science 244:1275, 1989), and DNA ligand (Wu et al, j: o/Biol. Chem.
10 26^:16985-16987, 1989), as well as psoralen inactivated vinises such as Sendai or

Adenovirus.

In an ex vivo context, the transformed ceUs are transplanted into the animal,

and monitored for gene expression. Protocols vaiy depending on the tissue cells chosen.

Briefly, a recombinant GDV canying a sequence, the expression ofwhich inhibits MHC class

15 I presentation, is transformed into tissue cells. Preferable 10^ to 10^ tissue cells are

transformed. The cells are cultured, and transformed cells may be selected by antibiotic

resistance. CeUs are assayed for gene expression by Western blot and FACS analysis, or

other means. For example, as described in more detail below, bone marrow cells that have

been transformed are transplanted in an animal by intravenous administration of2 to 3 x 10"7

20 cells (seeWO 93/0005 1).

Cells that can be transformed include, but are not limited to, fibroblast cells,

bone marrow cells, endothelial cells, keratinocytes, hepatocytes, and thyroid follicular cells.

Transformed cells may be administered to patients directly by intramuscular, intradermal,

subdermal, intravenous, or direct catheter infusion into cavities of the body, or otherwise as

25 discussed herein. In vivo gene expression of transduced bone marrow cells is detected by

monitoring hematopoesis as a fiinction ofhematocrit and lymphocyte production.

As noted above, the GDV may be by a virus such as vaccinia, Sindbis or

corona virus. Further methods for adndnisteruig a <a5V comprising a retroviral vector are

described in more detail in an application entitled "Recombinant Retroviruses" {see U.S.S.N.

30 07/586,603).

The GDVs are typically purified to a level ranging fi-om 0.25% to 25%, and

preferably about 5% to 20% before fi>rmulation. Subsequently, afier preparation of the

composition, where the GDV is a recombinant virus, the recombinant virus will constitute

about 10 ng to 1 ]ig ofmaterial per dose, with about 10 times this amount of material present

35 as copurified contaminants. Preferably, the composition is prepared in 0. 1-1.0 ml of aqueous
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solution fonnulated as described bdow. The composition is then administered to the host

via the appropriate route.

Preferably, the compoation, or a representative sample of the composition, is

first administered to an animal via the desired route, then the animal is tested for biological

5 response. Such testing may include immunological screcmng assays (e,g., CTL assays,

antibody assays) for evidence of immune response to the HIV gene products and the HB

V

gene product. Based upon such testing, the titers of the GDVs may be adjusted to fiuther

enhance the desired ^ect(s). Next, the composition is administered to a human being via

the appropriate route, followed by screening assays and other testing to detennine the

10 effectiveness ofthe composition.

In a further embodiment of the present invention, GDV are provided that

express proteins that are exported from a transduced cell and provide local or systemic

eflFeas. Such protons include cytokines such as those described above, factor vm, factor

vni with a deleted B domain, various cytokine or cytokine receptor antagonists (e.g., the

15 naturally occurring IL-1 receptor antagonist), fiwnor DC, erythropoietin, growth hormone,

various brain and pituitary derived pepdde hormones, an^otensin converting enzyme (ACE)

inhibitors, and other vasodiiatory or vasoconstricting agents, agents that reduce levels of free

radicals (e.^., superoxide dismutase (SOD)), and agents that reduce perceived pain levels.

In the embodiment where one or more, and preferably all, of the GDVs are

20 retroviral vectors, an aqueous suspension containing the GDVs in crude or purified form can

be dried by lyophilization or evaporation at ambient temperature. Specifically, lyophilization

involves the steps of cooling the aqueous suspension below the glass transition temperature

or below the eutectic point temperature ofthe aqueous suspension, and removing water from

the cooled suspension by sublimation to form a lyophilized virus. Briefly, aliquots of the

25 formulated recombinant virus are placed into an Edwards Refiigerated Chamber (3 shelf

RC3S unit) attached to a freeze dryer (Supermodulyo 12K). A multistep freeze drying

procedure as described by PhilUps et al. {Qyobiology 7«:414, 1981) is used to lyophilize the

formulated recombinant virus, preferably from a temperature of -40°C to -45°C. The

resulting composition contains less than 10% water by wdght of the lyophilized virus. Once

30 lyophilized, the recombinant virus is stable and may be stored at -20°C to -25°C.

With the evaporative method, water is removed from the aqueous suspension

at ambient temperature by evaporation. Within one embodiment, water is removed through

spray drying (EP 520,748). Within the spray drying process, the aqueous suspension is

delivered into a flow of preheated gas, usually air, whereupon water rapidly evaporates from

35 droplets of the suspension. Spray drying apparatus are available from a number of

manufacturers {e.g., Drytec, Ltd., Tonbridge, England; Lab-Plant, Ltd.. Huddersield.
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England). Once dehydrated, the recombinant virus is stable and may be stored at -20**C to •

25°C. Within the methods described herein, the resulting moisture content of the dried or

lyophilized virus may be determined through use of a Karl-Fischer apparatus (EM Science

Aquastar™ VIB volumetric titrator, Cherry Hill. NJ), or through a gravimetric method.

5 As one example, where the GDV is a retroviral vector, the injeaion of the

vector results in a highly localized action wherein a small number of cells (estimated at about

1 X 105 per injection site from PGR data) are transduced by the retroviral vector. Thus,

where a s'mgle composition comprising two or more retroviral vectors are injected at the

same site, the composition can be formulated such that essentially all transducible cells are

10 transduced with both GDVs, or that the cells are transduced by one GDV and that only a

subset are transduced with the second GDV.

The pharmaceutically acceptable compositions of the present invention may
also additionally include factors which stimulate ceU division, and hence, uptake and

incorporation of a GDV such as a recombinant retroviral vector. Representative examples

15 include Melanocyte Stimulating Homwinc (MSH), for melanomas, epidermal growth factor

(EGF) for breast or other epithelial cardnomas, and the anesthetic bipuvocaine (or related

compounds) for intramuscular injection. Particularly preferred methods and compositions

for preserving recombinant wuses are described in U.S. applications entitled "Methods for

Preserving Recombinant Viruses" (U.S. Serial No. 08/135,938, filed October 12, 1993, and

20 U.S. Serial No. 08/122.791, filed November 15, 1993).

As noted above, the GDV may direct expression of an immunomodulatory

cofactor in addition to at least one immunogenic portion of a hepatitis antigen. If the GDV,
however, does not express an immunomodulatory cofector which is a cytokine, this cytokine

may be included in the above-described compositions, or may be administered separately

25 (concurrently or subsequently) with the above-described compositions. Briefly, within such

an embodiment, the immunomodulatoiy cofactor is preferably administered according to

standard protocols and dosages as prescribed in The Physician's Desk Reference. For

example, alpha interferon may be administered at a dosage of 1-5 million units/day for 2-4

months, and IL-2 at a dosage of 10,000-100,000 units/kg ofbody weight, 1-3 times/day. for

30 2-12 weeks. Gamma interferon may be administered at dosages of 150,000-1,500,000 units

2-3 times/week for 2-12 weeks.

The multiple GDVs may be administered to animals or plants. In preferred

embodiments, the animal is a warm-blooded animal, further preferably selected fi-om the

group consisting of mice, chickens, cattle, pigs, pets such as cats and dogs, horses, and

35 humans. Alternatively, the animal may be a cold-blooded animal, preferably selected from

the group consisting offish, aquatic vertebrates, and shellfish. Where the host organism is a
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plant, the GDVs are typically administered by a solution that is taken up by the roots, or via

a solution that is sprayed on the leaves. For example, the FLAVR-SAVR® gene (Calgene)

may be provided in one GDV while an insect resistance gene is provided the second GDV.

Within a preferred embodiment of the invention^ a patient suflfering from a

5 non-metastatic, but otherwise untreatable tumor such as glioblastoma, astrocytoma, or other

brain tumor, may be treated by injecting purified, concentrated HSVTK vector directly into

the tumor. The vector is preferenttally integrated and expressed in tumor cells since only

growing cells arc transdudble with retrowal vectors. The vector may express HSVTK in an

unregulated fashion or, to promote greater tumor specificity, may express HSVTK from a

10 tissue or event specific promoter which is preferentially expressed in the tumor. For

instance, a vector which expresses HSVTK from the CEA promoter may be utilized to treat

breast or liver cardnomas. Multiple injections (>10) of vector (approximately 1 ml with a

titer of 1x1 0^-1x10^^ cfu) can be delivered over an extended period of time (>3 months)

since the purified vector contains non-immunogenic quantities of protein (<1 ^g protein per

15 1x10^ cfu). Thus, injections may continue until a sizable fi:action (>1%) of the tumor cells

have become transduced. Vector may be delivered stcreotactically before or after debulking

surgery or chemotherapy. After in vivo transduction has occurred, the transduced tumor

cells may be eliminated by treating the patient with pro-drugs that are activated by HSVTK,

such as acyclovir or ganciclovir.

20 Within another embodiment of the present invention, wherein the GDV

comprise Vector Producing Cells (also termed "VCLs" or "producer cells"), methods are

provided for destroying pathogenic agents in an animal, comprising administering to the

animal in order to destroy the patiiogenic agent. Within a preferred embodiment, the VCLs

may be injected directly into a tumor, therd>y allowing for the continual production of

25 retroviral veaor in vivo and an increase in the efBdency oftransduction.

One diflBculty with tiie direct injection of VCLs however, is that in certain

instances a veiy potent inmiune response may result, thus making such therapy feasible for

only a very short term (<2 weeks). Therefore, within preferred embodiments of the

invention the immune response against VCLs may be minimized by selecting packaging cell

30 lines made from autologous or HLA-matched human cells. In addition, in order to further

limit the immune response agamst viral structural proteins expressed by the VCLs, the cells

may be enclosed in a structure, such as a bead or a bag, which has a semi-permeable

membrane, allowing vector particles to difiuse into the tumor, but preventing host immune

cells from passing through the membrane and thereby generating an immune response.

35 Methods which decrease the immune response allow additional time for in vivo transduction

to occur, and thus improves the therapy. In particular embodiments, the VCL encoding a
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conditionally activated GDV is preferably destroyed by treatment with the conditionally

activated GDV {e.g., acyclovir or ganciclovir) after it has accomplished its role in the in vivo
transduction ofcells.

Within another embodiment of the invention, metastatic, but highly localized

5 cancers such as ovarian, neuroblastoma and cervical carcinomas (which are metastatic, but
typically remain localized to the peritoneal cavity) may be treated according to the methods
ofthe present invention. Within this embodiment, vector or VCLs may be iiyected direcUy
into the peritoneal cavity. Within a paiticulariy preferred approach, rapidly growing tumors
are preferentially transduced in vivo by a HSVTK GDV, and a cytokine encoding (e.g., y.

1 0 interferon or GMCSF) GDV and may be subsequently destroyed by administering acyclovir
or ganciclovir to the patient. The ceBs destroyed by the drug will elicit greatly enhanced
immune responses ifthere is a local production ofcytokine.

Within yet another embodiment of the invention, viral vectors or VCLs may
be injected into the pleural cavity for the treatment of pleural carcinomatosis arising from
lung, breast or colon carcinomas, or by intrathecal injection for the treatment of meningeal
carcinomatosis.

Within another embodiment of the invention, patients with metastatic,

disseminated cancer may also be treated according to the methods of the present invention.

For instance, primary pancreatic carcinomas or colorectal carcinomas that have metastasized
to, for example, the liver, may be injected directly with viral vector or VCL of the present
invention by inserting a syringe, possibly targeted by stereotaxis, through the body wall.

Tumors in the lung or colon may similariy be accessed by bronchoscopy or sigmoidoscopy,
respectively. Tumor ceUs which have been transduced in vivo by. for example, a vector
which expresses HSVTK, may then be destroyed by administration of acyclovir or
ganciclovir to the patient, giving rise to an augmented anti-tumor response in the presence of
cytokines which may be present due to the second GDV in the combination.

Within preferred embodiments of the invention, in addition to administration

of a cytotoxic gene or gene products (e.^., HSVTK) as described above, a variety of
additional therapeutic compositions may be co-administered or sequentially administered to a

warm-blooded animal, in order to inhibit or destroy a pathogenic agent. Such therapeutic

compositions may be administered directly, or, within other embodiments, expressed from
independent GDVs. Alternatively, a GDV that directs the expression of both a cytotoxic
gene or gene product, and a gene which encodes the therapeutic composition {e.g., a non-
vertor derived gene as discussed above) may be administered to the warm-blooded animal, in

order to inhibit or destroy a pathogenic agent. Within a particularly preferred embodiment,
vectors or VCLs which deliver and express both the HSVTK gene and a gene coding for an

20



wo 96/21015
PCTAJS95/16964

54-

immune accessoiy molecule, such as human y-IFN. may be administered to the patient

foUowed or with another therapeutic vector (e.g., encoding a second cytokine, such as IL-2).

In such a construct, one gene may be expressed from the vector LTR and the other may

utilize an additional transcriptional promoter found between the LTRs, or may be expressed

5 as a polydstronic raRNA, posstoly utilizing an faitenial nT)OSome bin^^ After f»Wvo

gene transfer, the patient's immune system is activated due to the expression ofa-IFN and/or

IL-2. After this has occurred, the overall tumor burden itselfmay be reduced by treating the

patient with acyclovir or ganciclovir, allowing more effective immune attack of the tumor.

Infiltration of the dying tumor with inflammatory ceUs. in turn, increases immune

10 presentation and fiirther improves the patient's immune response against the tumor.

Thus, in some embodiments, the GDVs can be administered in such a fashion

such that the GDVs can either (a) transduce a normal, heahhy ceU and transform the cell into

a producer of a therapeutic protein or other substance which is secreted systemically or

(b) transform an abnormal or defective ccU. transforming the cell into a normal functioning

15 phenotype. Further, the multiple GDVs are typically administered in the same composition,

but may be simultaneously administered at the same time and same site, such as via the use of

a double banded syringe or by joint formutetion. A composition containing one or more

GDVs may also be administered at diflFerent sites, as disclosed in co-pending U.S. patent

appHcation No ,
attorney's docket number 930049.427, filed contemporaneously

20 herewith. The composition also may contain a high titer of virus, where the GDV is a vims.

as disclosed in co-pending U.S. patent appUcation No , attorney's docket number

930049.441, filed contemporaneously herewth.

The multiple GDVs may be administered to plants using traditional methods,

such as via solutions suitable for uptake by the roots, or via solutions that are sprayed on the

25 leaves.

Etamole 1

30 Preparation of Retroviral Vector Backbones

A. Prf^iinition ofP ftrnviral Backbones KT-1 andKT-3B

The Moloney murine leukemia virus (MoMLV) 5' long terminal repeat (LTR)

35 EcoR I-EcoR I fragment, including gag sequences, from the N2 vector (Armentano et al, J.

Vir. 6/: 1647-1650, 1987; Eglitas etal. Science 230:1395-1398, 1985) is ligated into the
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plasmid SK+ (Stratagene, La JoUa, CA). The resulting constract is designated N2R5. The
N2R5 construct is mutated by site-direct«sd in vitro mutagenesis to change the ATG start

codon to ATT preventing gag expression. This mutagenized fragment is 200 base pairs (bp)

in length and flanked by Pst I restriction sites. The Pst I-Pst I mutated fragment is purified

5 from the SK+ plasmid and inserted into the Pst I site of N2 MoMLV 5' LTR in plasmid

pUC31 to replace the non-mutated 200 bp fragment. The plasmid pUC31 is derived from

pUC 1 9 (Stratagene, La Jolla, CA) in which additional restriction sites Xho I, Bgl H, BssH U
and Nco I are inserted between the EcoR I and Sac I sites of the polylinker. This construct

is designated pUC31/N2R5gM.

^0 A 1.0 kilobase (Kb) MoMLV 3' LTR EcoR I-EcoR I fragment from N2 is

cloned into plasmid SK+ resulting in a construct designated N2R3-. A 1 .0 Kb Cla I-Hind HI
fragment is purified from this construct.

The Cla I-Cla I dominant selectable marker gene fragment from pAFVXM
retroviral vector (Kriegler etal.. Cell 38A%3, 1984; St. Louis etaL, PNAS 85:3150-

15 3154.1988), comprising a SV40 eariy promoter driving expression of the neomycin (neo)

phosphotransferase gene, is cloned into the SK+ plasmid. This construct is designated SK"^
SV2-mro A 1.3 Kb cia I-BstB I gene fragment is purified from the SK+ SV2-WC0 plasmid.

KT-3B or KT-1 vectors are constructed by a three part ligation in which the

Xho I-CIa I fragment containing the gene of interest and the 1.0 Kb MoMLV 3' LTR Cla I-

20 Hindm fragment are inserted into the Xho I-Hindm site ofpUC3 l/N2R5gM plasmid. This

gives a vector designated as having the KT-1 backbone. The 1.3 Kb Cla I-BstB I neo gene
fragment from the pAFVXM retroviral vector is then inserted into the Cla I site of this

plasmid in the sense orientation to yield a vector designated as having the KT-3B backbone.

25 B. Preparation ofRetroviral Backbone KT-IRP

An alternative selectable maricer, phleomydn resistance (Mulsant et aL, Som.
Cell andMoL Gen, 14:243, 1988, available from Cayia, Cedex. FR) may be used to make
the retroviral backbone KT-3BC, for use in transforming genes to cells that are already

30 neomycin resistant. The plasmid pUT507 (Mulsant etal., Som. Cell andMol. Gen. 14:243,

1988) is digested with Nde I and the ends blunted with Klenow polymerase I. The sample is

then digested with Hpa I and Cla I linkers are Ugated to the nux ofAugments. The sample is

then fiirther digested with Cla I. The excess Cla 1 linkers are removed by digestion with

Cla I and the 1.2 Kb Cla I fragment carrying the RSV LTR and the phleomycin resistance

35 gene isolated by agarose gel electrophoresis followed by purification using Geneclean 11™
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(BiolOl, San Di^o, CA). This fragment is used in place of the 1.3 Kb Clal-BstB I

neomydn resistance fragment to give the backbone KT-3BC

5 Example 2

Administnition ofB7 Immano-Enhancer Expression Vector and HBV Antigen

Expression Vector

10 A. p7 Imnmno-Enhiincer Expression Vector

i. Amplification ofthe Gene Sequence ofImmunomodulatorv Cofectpr B7-1

Raji cells (ATCC# CCL 86 ), which contains the B7-1 cofector gene, are

15 suspended at 1.0 x 10^ ceUs/ml to a total volume of 158 ml in five T75 flasks and incubated

overnight at 37°C, 5% CO2. On the following day, cells are harvested m three 50 ml

centrifuge tubes. CeU pdlets are combined In 50 ml PBS, centrifuged at 2,000 rpm for 10

minutes and supernatant decanted. This procedure is repeated. Poly A+ mRNA is isolated

using the Micro-Fast Track mRNA Isolation Kit™, version 1.2 (Invitrogen, San Diego, CA).

20 The isolated intact mRNA is used as the template to generate full-length first strand cDNA

using the cDNA CYCLE Kit™ (Invitrogen, San Diego, CA), followed by two separate

polymerase chain reaction (PCR) amplification reactions. The nucleotide numbering system

is obtained fi^m Freeman et al {J. Immunol. 143:21^-2122, 1989).

The first PCR amplification is performed with two primers. The sense primer

25 corresponds to the nucleotide sequence 315 to 353 of B7-1. This primer contams the 5'

region of tiie B7-1 open reading frame including the ATG start codon and has two Hind III

restriction ates at the 5' «id.

(SEQUENCE ID. NO. 1)

30 5'.CG AAG CTT AAG CTT GCC ATG GGC CAC ACA CGG AGG CAG

GGA ACA TCA CCA TCC-3'

The second primer corresponds to the anti-sense nucleotide sequence 1,187

to 1,149 of B7-1. This primer is complementary to the 3' region of the B7-1 open reading

fitune ending at the TAA stop codon and contains two Xho I restriction sites at the 5' end.
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(SEQUENCE ED. NO. 2)

S'-C CTC GAG CTC GAG CTG TTA TAG AGG GCG TAC ACT TTC
CCT TCT CAA TCT CTC-3'

The 868 bp PGR product from the first PGR reaction is ligated into the pCR
5 n plasmid (Invitrogen, San EKego, OA) verified by DNA sequencing and transformed into

fiDzen competent E. coU ceDs. This vector construct is designated pCR n H-Xh-B7-1 and

verified byDNA sequendng.

The second PCR amplification is perfi>nned with two primers. The sense

primer corresponds to the nucleotide sequence 315 to 353 ofB7-1. This primer contains the

10 5' region of the B7-1 open reading firame including the ATG start codon and has two Xho I

sites at its 5' end.

(SEQUENCEID.no. 3)

S'-C CTC GAG CTC GAG GCC ATG GGC CAC ACA CGG AGG CAG
15 GGAACATCACCATCC-3'

The second primer corresponds to the anti-sense nucleotide sequence 1,187

to 1,149 ofB7-1. This jwimer is complementaiy to the 3' region of the B7-1 open reading

frame ending at the TAA stop codon and contains two Apa I restriction ates at the 5' «id.

20 (SEQUENCE ID. NO. 4)

5 -C GGG CCC GGG CCC CTG TTA TAC AGG GCG TAC ACT TTC
CCT TCT CAA TCT CTC-3'

The 868 bp PCR product from the second PCR reaction is ligated into the

pCR n plasmid, verified by DNA sequencing and transformed into frozen competent E, coli

25 cells. This vector constnict is designated pCR n Xh-A-B7-1 and verified by DNA
sequencing.

ii- Construction ofthe B7-1 Retrowral Vector Containinp TRRS

30

pGEM 5Z+BIP 5' (Peter Samow, University of Colorado, Health Sciences

Center, Denver, CO., human immunoglobulin heavy chain binding protein) is digested with

Sac I and Sph I. The 250 bp BIP fragmem is isolate by 1.5% agarose gel electrophoresis and

subcloned into the respective sites ofpSP72. The vector construrt is designated pSP72 BIP.
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The Hind IH-Xho I B7-1 sequence is excised from pCR II H-Xh B7-1 of

Example 2Ai , and subcloned into the Knd IH-Xho I sites of pSP72 BIP. This construct is

designated pSP72 H-Xh BIP-B7-1

.

The construct pSP72 H-Xh BIP-B7-i is deaved at the Xho I site, foUowed

5 by cleavage with Cla I. This conslnict is then inserted into the KT-3B at the Xho I-Cla I site

as previously descrbed and is designated KT-B7-1 retroviral vector construct.

These constructs are used to make infectious vector particles as described in

Examples 2Bva-2Bvc.

10 iii. Affyav of Utility ftfB7.1 Vector Expression bv Transient Packapng and

Tptnsduction ofMurine Cells

Cell lines, U3, (Dennert, USC Comprehensive Cancer Center, Los Angeles,

CA, Patek, ei. al.. Int. J. of Cancer 24:624-62i, 1979), BCIOME (Patek. et al.. Cell

15 Immuno 72: 1 13, 1982. ATCC# TIB85). L33env, and BCenv (L33«iv and BCc«v express

HIV-1 IIIBenv, Warner et al. AIDS Res. and Human Retrovinis 7:645, 1991), transduced

with the KT-B7-1 vector, carrying the amphotropic or VSVG envelope protein are examined

for cell surfece expression by Flow cytometry analysis. Non-transduced cells are also

analyzed for surfece expression and compared with B7-1 transduced cells to determine the

20 eflfea oftransduction on cell surface expresaon.

Murine cell lines, U3-B7-1, L33cm'-B7-1, U3env. L33. BCIOME.

BC10ME-B7-1, BCenv , and BC«m'-B7-l, are tested for expression of the B7-1 molecule on

the ceU surface. Cells grown to subconfluent density are removed from culture dishes by

treatment with Versene (Irvine Scientific, Irvine, CA) and washed two times with cold (4''C)

25 phosphate buflfered saline (PBS) plus 1% bovine serum albumin (BSA), and 0.02% Na-azide

(wash buffer) by centrifagation at 200 xg. Approximatdy 2.0 x 10^ cdls are placed in

microfuge tubes and peUeted by centrifiigation at 200 xg Following removal of the

supernatant, cdl peUets are resuspended with the monoclonal antibody (Mab) BBl (Becton

Dickinson. Los Angeles, CA) ( liig/lO^ ceUs) and incubated for 30 minutes at 4°C with

30 occasional mixing. Antibody labeled ceOs are washed two times with 1 ml of wash buffer (4

•C), centrifuged, and the supernatant removed. CeUs are resuspended with a goat ami-

mouse IgGFTTC conjugated antibody (Fisher Scientific, Tustin, CA) {50^lg/lO^ cells) and

incubated for 30 minutes at 4''C. The ceUs are washed, resuspended in 1 ml ofwash buffer,

and held on ice prior to analysis on a FACSort Analyzer™ (Becton Dickinson, Los Angeles,

35 CA). The mean fluorescence intensity of transduced ceUs is compared with that of non-

transduced cells to determine the efifect B7-1 protein has on surface expression.
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AdditionaUy, the percent po^tive versus the percent negative stained cells can also be
compared.

Assay of Utility ofB7-1 Vector Emression bv Transient Packapinp and

S Transduction ofHuman Tellg

Cell lines transduced with KT-B7-1 are examined for surface expression by

flow cytometiy analysis. Non-tnuisduced cells are analyzed to compare with KT-B?-!
transduced cells and determine the effect that transduction has on surface expression.

^0 Two human ceU lines, JY-B7-1 and JY are tested for expression of the B7-1
molecule on the ceil surface. Suspension cells grown to lO^ cells/ml are removed from
culture flasks by pipet and washed two times with cold (4''C) PBS plus 1% BSA and 0.02%
Na-azide (wash buffer) by centrifagation at 200 xg. Approximately 2 x 10^ cells are placed

in microfiige tubes, peUeted at 200 xg, and the supernatant is removed. CeU pellets are

15 resuspended with the Mab BBl (Becton Dickinson, Los Angeles, CA) (Ijig/lO^ cells) and

incubated for 30 minutes at 4'C with occasional mixing. Antibody labeled cells are washed
two times with 1 ml ofwash buffer (4»C). Prior to removing the supernatant, the cells are

resuspended with a goat anti-mouse IgG FTTC conjugated antibody (SOpg/lO^ cells) and
incubated for 30 minutes at 4''C. The cells are washed, resuspended in 1 ml of wash buffer,

20 and held on ice prior to analysis on a FACSort Analyzer™. The mean fluorescence intensity

oftransduced cells is compared with that of non-transduced cells to determine the effect B7-
1 protein has on surface expression. Additionally, the percent positive versus the percent

negative stained cells can also be compared.

25 B. HBV Antigen Expression Vector

i. Isolation ofHBV e/core Sequence

A 1.8 Kb BamH I fragment containing the entire precore/core coding region

30 of hepatitis B virus is obtained from plasmid pAM6 (ATCC No. 45020) and ligated into the

BamH I site ofKS U* (Stratagene, La Jolla, CA). This plasmid is designated KS n+ HBpc/c.
Xho I linkers are added to the Stu I site of precore/core in KS n+ HBpc/c (at nucleotide

sequence 1,704), followed by cleavage with Hinc II (at nucleotide sequence 2,592). The
resulting 877 bp Xho I-Hinc D precore/core fragment is cloned into the Xho I/Hinc n site of

35 SK This plasmid is designated SK+HBe, Figure 1.
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ii. Site-Directed Mutagenesis ofHBV e/core Sequence Utflizing PCR

The precore/core gene in plasmid KS IT*" HB pc/c is sequenced to determine

if the precore/core coding region is correct. This sequence was found to have a single base-

5 pair deletion which causes a fiame shift at codon 79 that results in two consecutive in-frame

TAG stop codons at codons 84 and 85, Figure 2. This deletion is corrected by PCR overiap

extension (Ho etaL, Gene 77:51-59, 1989) of the precore/core coding region in plasmid

SK"*" HBe. Four oligonucleotide primers are used for the 3 PCR reactions performed to

correct the deletion.

10 The first reaction utilizes two primal. The sense primer sequence

corresponds to the nucleotide sequence 1,855 to 1,827 of the adw strain and contains two

Xho I restriction sites at the 5' end. The nucleotide sequence numbering is obtained from

Genbank (Intelligenics, Inc., Mountain View, CA).

1 5 (SEQUENCE ID. NO. 5)

5'-CTC GAG CTC GAG GCA CCA GCA CCA TGC AAC TTT TT-3'

The second primer sequence corresponds to the anti-sense nucleotide

sequence 2,158 to 2,130 of the iidw strain of hepatitis B virus, and includes codons 79, 84

and 85.

20

(SEQUENCE ID . NO . 6)

5*-CTA CTA GAT CCC TAG ATG CTG GAT CTT

The second reaction also utilizes two primers. The sense primer corresponds

to nucleotide sequence 2,130 to 2,158 ofthe adw strain, and includes codons 79, 84 and 85.

25

(sequenceid.no. 7)

5'-gga aga tcc agc atc tag gga tct agt ag-3'

The second primer corresponds to the anti-sense nucleotide sequence from

SK"*" plasmid polylinker and contains a Cla I site 135 bp downstream of the stop codon of the

30 HBV precore/core coding region.

(SEQUENCE ID. NO. 8)

5'.GGG CGA TAT CAA GCT TAT CGA TAG CG-3'

The third reaction also utilizes two primers. The sense primer corresponds to

35 nucleotide sequence 5 to 27 of the adw strain, and contains two Xho I restriction sites at the

5* end.
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(SEQUENCE ID. NO. 5)

5'-CTC GAG CTC GAG GCA CCA GCA CCA TGC AAC TTT TT-3'

The second primer sequence corresponds to the anti-sense nucleotide

sequence from the SK+ piasmid polylinker and contains a Cla I site 135 bp downstream of
the stop codon oftheHBV precore/core coding region.

(SEQUENCE ID. NO. 8)

5'-GGG CGA TAT CAA OCT TAT CGA TAC CGw3'

The first PCR reaction corrects the deletion in the anti-sense strand and the
second reaction corrects the deletion in the sense strands. PCR reactions one and two
correct the mutation from CC to CCA which occurs in codon 79 and a base pair substitution

from TCA to TCT in codon 81 (Figure 2). Prim«- 1 contains two consecutive Xho I sites 10

bp upstream of the ATG codon ofHBV e coding region and primer 4 contains a Cla I site

15 135 bp downstream of the stop codon ofHBV precore/core coding region. The products of
the first and second PGR reactions are extended in a third PCR reaction to generate one
complete HBV precore/core coding region with the correct sequence (Figure 3).

The PCR reactions are performed uang the following q^cling conditions: The
sample is initially heated to WC for 2 minutes. This step, called the melting step, separates

20 the double-stranded DNA into siiigle strands for synthesis. The sample is then heated at 56°C
for 30 seconds. This step, called the annealing step, permits the primers to anneal to the
single stranded DNA produced in the first step. The sample is then heated at 72*C for 30
seconds. This step, called the extension step, synthesizes the complementary strand of the

single stranded DNA produced in the first step. A second melting step is performed at 94°C
25 for 30 seconds, foUowed by an annealing step at 56»C for 30 seconds which is followed by

an extension step at 72-C for 30 seconds. This procedure is then repeated for 35 cycles

resulting in the amplification ofthe desired DNA produa.

The PCR reaction product is purified by gel electrophoresis and transferred

onto NA 45 paper (Schleicher and Scbuell, Keene. NH). The desired 787 bp DNA fragment

30 is eluted fi^m the NA 45 paper by incubating for 30 minutes at 65°C in 400 (xl high salt

buffer (1 .5 M NaCl, 20 mM Tris, pH 8.0, and 0. 1 niM EDTA). Following ehition, 500 pi of
phenol:chloroform:isoamyl alcohol (25:24:1) is added to the solution. The mixture is

vortexed and then centriiuged 14,000 rpm for 5 minutes in a Brinkmann Eppendorf
centrifuge (5415L). The aqueous phase, containing the desired DNA fragment, is transferred

35 to a fresh 1.5 ml microfuge tube and 1.0 ml of 100% EtOH is added. This solution is

incubated on dry ice for 5 minutes, and then centrifuged for 20 minutes at 10,000 rpm. The
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supernatant is decanted, and the pellet is rinsed with 500 fil of 70% EtOH. The pellet is

dried by centrifiigation at 10,000 rpm under vacuum, in a Savant Speed-Vac™ concentrator,

and then resuspended in 10 ^1 deionized H2O. One microliter of the PCR product is

analyzed by 1.5% agarose gel electrophoresis. The 787 Xho I-Cla I precore/core PCR

5 amplified fragment is doned into the Xho l-Cla, I site of the SK"^ plasmid. This plasmid is

designated SK'^e-c. £. coli (DBS alpha, Bethesda Researdi Labs, Gaither^g, MD) is

transformed with the SK'^BBe-c plasmid and propagated to generate plasmid DNA. The

plasmid is then isolated and purified, essentially as described by Bimboim et al (Nua Acid

Res. 7:1513, 1979) and Sambrook eiaL (Molecular Cloning: A Laboratory Manual, Cold

10 Spring Harbor Press, 1989), The SK'^HBe-c plasmid is analyzed to confirm the sequence of

the precore/core gene G^igure 4).

iii. Isolation ofHBV core Sequence

IS The ungle base pair deletion in plasmid SK'^ HBe is corrected by PCR

overlap extension as described in Example 2Bii. The following oligonucleotide primers are

used in four PCR reactions performed to correct the mutation.

The first reaction utilizes two primers. The sense primer corresponds to the

nucleotide sequence for the T-7 promoter of SK"** HBe plasmid.

20

(SEQUENCE ID. NO. 9)

5'-AAT ACG ACT CAC TAT AGG
The second primer corresponds to the anti-sense sequence 2,158 to 2,130 of

the adw strain, and includes codons 79, 84 and 85.

25

(SEQUENCE ID. NO. 6)

5*-CTA CTA GAT CCC TAG ATG CTG GAT CTT CC-S'

The second reaction utilizes two primers. The anti-sense primer corresponds

to the nucleotide sequence for the T-S promoter present in SK"^HBe plasmid.

30

(SEQUENCE©. NO. 10)

5'-ATT AAC CCT CAC TAA AG-3'

The second primer corresponds to the sense nucleotide sequence 2,130 to

2,158 ofthe adw strain, and includes codons 79, 84 and 85.

35
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(SEQUENCE ID. NO. 7)

5'-GGAAGA TCC AGC ATC TAGGGA TCT AGT AG-3'

The third reaction utilizes two primers. The anti-sense primer corresponds to

the nucleotide sequence for the T-3 promoter present in SK+HBe plasmid.

5

(SEQUENCEID.no. 10)

5'-ATT AAC CCT CAC TAA AG-3'

The second primer corre^nds to the sense sequence of the T-7 promoter
presoit in the SK'^e plasmid.

10

(SEQUENCE ID. NO. 9)

5'-AAT ACQ ACT CAC TAT AGG G-3'

The PCR product from the third reaction yields the correct sequence for HBV
precore/core coding region.

To isolate HBV core coding r^on, a primer is designed to introduce the

Xho I restriction sUe upstream of the ATG start codon of the core coding region, and
eliminate the 29 amino add leader sequence ofthe HBV precore coding region. In a fourth

reaction, the HBV core coding region is produced using the PCR product from the third

reaction and the following two primers.

The sense primer corresponds to the nucleotide sequence 1,885 to 1,905 of
the adw strain and contains two Xho I sites at the 5' end.

(SEQUENCEID.no. 11)

5 -CCT CGA GCT CGA GCT TGG GTG GCT TTGGGG CAT G-3'

2^ The second primer corresponds to the anti-sense nucleotide sequence for the

T-3 promoter present in the SK"'"HBe plasmid. The approximately 600 bp PCR product

from the fourth PCR reaction contains the HBV core coding region and novel Xho I

restriction sites at the 5' end and Cla I restriction sites at the 3' end Uiat was present in the

multidoning site of SK'*' HBe phumid.

30

(SEQUENCE ID. NO. 12)

5'-ATT ACC CCT CAC TAA AG-3'

Following the fourth PCR reaction, the solution is transferred into a fresh 1 .

5

ml microfuge tube. Fifty microliters of 3 M sodium acetate is added to this solution followed

35 by 500 nl of chloroform:isoamyl alcohol (24:1). The mixture is vortexed and then

centrifuged at 14,000 rpm for 5 minutes. The aqueous phase is transferred to a fresh
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microfuge tube and 1.0 ml 100% EtOH is added. This solution is incubated at -20^C for 4.5

hours, and then ccntrifuged at 10,000 rpm for 20 minutes. The supernatant is decanted, and

the pellet rinsed with 500 ^il of 70% EtOH. The pellet is dried by centrifugation at 10.000

rpm under vacuum and then resuspended in 10 ^l deionized H2O. One microliter ofthe PCR

5 product is analyzed by 1 .5% agarose gd dectropboreas.

iv. Construction ofHB

V

core Retroviral Vector

The PCR product from Example 2Biii, approximately 600 bp in length, is

10 digested with Xho I and Cla I restriction endonudeases, dectrophoresed through a 1.5%

agarose gel, and the DNA is purified from the gd slice by Geneclean H™. This Xho I-Cla I

HBV core PCR product is inserted into the Xho I and Cla I sites of the KT-3B retroviral

vector. The construct is designated KT-HBc.

The HBV core fragment (Xho I-Cla I) from KT-HBc is inserted into the

15 respective sites of pBluescript KS+ H. This construct is designated KS"*" II HBc, and is

verified by DNA sequencing.

V. Transient Transfftction and Transduction of Packaging Cdl Lines HX and DA with

20 the Vector Constructs KT-B7-1 and KT-HBc

a. PlasmidDNA Transfection

The packaging cell line, HX (WO92/05266), are seeded at 5.0 x 10^ cells on

25 a 10 cm tissue culture dish on day 1 with Dulbecco's Modified Eagle Medium (DMEM) and

10% fetal bovine serum (FBS). On day 2, the media is replaced with 5.0 ml fi^sh media 4

hours prior to transfection. A standard calcium phosphate-DNA co-predpitation is

performed by mbdng 40.0 ^l 2.5 M CaCfe, 10 ^g plasmid DNA, and deionized H2O to a

total volume of 400 ^1. Four hundred microliters of the DNA-CaCh solution is added

30 dropwise with constant agitation to 400 ^1 predpitation buflfer (50 mM HEPES-NaOH, pH

7.1; 0.25 M NaCl and 1.5 mM Na2HP04-NaH2P04). This mixture is incubated at room

temperature for 10 minutes. The resultant fine precipitate is added to a culture dish of cdls.

The cdls are incubated with the DNA precipitate overnight at 37°C. On day 3, the media is

aspirated and fresh media is added. The supernatant is removed on day 4, passed through a

35 0.45 111 filter, and stored at -80°C.
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Alternatively, 293-2-3 cells (WO 92/05266) ( these are 293 cells expressing gag and
pol) are tnmsfected with the vector DNA and the plasmid pMLP-VSVG ( or other VSVG
encoding plasmids) to yield VSVG pseudotyped vector particles that are harvested and
stored as described above.

b. Packaging Cril TJne Trancrinr^pf^

DA (an amphotropic cell line derived from D 17 ceUs ATCC No. 183, WO
92/05266) cells are seeded at 5.0 x 10^ ceUs/10 cm tissue culture dish in 10 ml DMEM and
10% FBS. 4 Mg/ml polybrene (Sigma, St. Louis. MO) on day 1. On day 2. 3.0 ml. I.O ml
and 0.2 ml of the freshly collected virus-containingHX media is added to the cells. The cells

are incubated with the vims overnight at 37T. On day 3. the media is removed and 1 0 ml
DMEH 10% FBS with 800 ng/ml G418 is added to the plate. Only cells that have been
transduced with the vector and contain the neomycin selectable marker will survive. A G4 1

8

resistant pool is generated over a period of a week. The pool of ceUs is dilution cloned by
removing the ceUs from the plate and counting the cell suspension, diluting the cells

suspension down to 10 ceUs/ml and adding 0. 1 ml to each weU (1 cell/well) ofa 96 well plate
(Coming, Coming, NY). CeUs are incubated for 14 days at 37^, 10% CO2. Twenty-four
clones are selected and expanded up to 24 weU plates, 6 weD plates then 10 cm plates at

20 which time the clones are assayed for expression and the supematants are collected and
assayed for viral titer.

The titer of the individual clones is determined by infection of HT1080 cells

(ATCC No. CCL 121). On day 1. 5.0 x 10^ HT1080 cells are plated on each well of a 6
wen microtiter plate in 3.0 ml DMEM, 10% FBS and 4 ng/ml polybrene. On day 2, the

25 supernatant from each clone is serially dUuted 1 0 fold and used to infect the HTl 080 cells in

1.0 ml aliquots. The media is replaced with fresh DMEM, 10% FBS media, and the cells

incubated with the vector overnight at 37«>C, 10% CO2. On day 3, seleaion of transduced
ceUs is performed by replacing the media with fresh DMEM, 10% FBS media containing 800
Mg/ml G418. CeUs are incubated at 37"C. 10% CO2 for 14 days at which time G418

30 resistant colonies are scored at each dUution to detemiine the viral titer of each clone as
colony forming units(cfu)/ml.

Using these procedures, ceO lines are derived that produce greater than or
equal to 1 0^ cfu/ml in culture.

The packaging ceU line HX is transduced with vector generated from the DA
35 vector producing cell line in the same manner as described for transduction of the DA cells

from HX supernatant.
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Transduction of the DA or HX ceUs with vectors lacking a neo selectable

marker (Example 1) was performed as described above. However, instead of adding G418

to the ceUs on day 3, the ceUs are cloned by limiting dUution. Titer is analyzed as described

above.

5

C. fteneration ofProducer Cell Line via Onft Packapng Cell Line

In some atuations it may be desirable to avoid using more than one cell line in

the process of generating producer lines. In this case, DA ceDs are seeded at 5.0 x 10^ ceUs

10 on a 10 cm tissue culture dish on day 1 with DMEM and 10% irradiated (2.5 megarads

minimum) FBS. On day 2, the media is nq)laced with 5.0 ml fresh media 4 hours prior to

transfection. A standard calchim phosphate-DNA copredpitation is performed by mfadng 60

111 2.0 M CaQi. 10 |ig MLP-G plasmid, 10 ^g KT-HBe-c or KT-HBc retroviral vector

plasmid, and deionized water to a volume of 400 fil. Four hundred microliters of the DNA-

15 CaCl2 sohJtion is added dropwise with constant agitation to 400 ^1 2X precipitation buffer

(50 mM HEPES-NaOH, pH 7.1, 0.25 M NaCl and 1.5 mM Na2HP04-NaH2P04). This

mixture is incubated at room temperature for 10 minutes. The resultant fine precipitate is

added to a culture dish ofDA cells plated the previous day. The cells are incubated with the

DNA precipitete overnight at ST'C. On day 3, the medium is removed and fresh medium is

20 added. The supernatant containing G-pseudotyped virus is removed on day 4, passed

through a 0.45 |il filter and used to infect theDA packaging cell.

DA cdls are seeded at 5.0 x 10^ cdls on a 10 cm tissue culture dish in 10 ml

DMEM and 10% FBS, 4 mg/ml polybrenc (Sigma, St. Louis, MO) on day 1. On day 2, 2.0

ml, 1.0 ml or 0.5 ml of the freshly coUected and filtered G-pseudotyped virus containing

25 supernatant is added to the cells. The cells are incubated with the virus overnight at 37°C.

On day 3 the medium is removed and 10 ml DMEM, 10% irradiated FBS with 800 ^g/ml

G418 is added to the plate. Only ceUs that have been transduced with the vector and contain

the neo selectable marker wiU survive. A G418 resistant pool is generated over the period of

1-2 weeks. The pool is tested for expression and then dilution cloned by remowig the cells

30 from the plate, counting the ceU suspension, dUuting the ceU suspension down to 10 cells/ml

and adding 0.1 ml to each weU (1 ceU/weU) of a 96-weU plate. Cells are incubated for 2

weeks at 37°C, 10% CO2 Twenty-four clones are selected and expanded up to 24-well

plates, then 6-weU plates, and finally 10 cm plates, at which time the clones are assayed for

expression and the supematants are coUected and assayed for viral titer as described above.

35
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Detection ofReplicatinn f-ompetent Retroviruses fRCR^

i. The Extended S-«l.-A^

The extended S+L- assay determines vdiether replication competent,

infectious virus is present in the supernatant ofthe ceU line of interest. The assay is based on
the empirical observation that infectious retroviruses generate foci on the indicator cell line

MiCli (ATCC No. CCL 64. 1). The KfiCli ceU line is derived from the MvlLu mink ceU line

(ATCC No. CCL 64) by transduction with Murine Sarcoma Virus (MSV). It is a non-
producer, non-transformed, revertant clone containing a replication drfective murine
sarcoma provirus, S+, but not a replication competent murine leukemia provirus, L-.

Infection of NfiCli ceUs with replication competent retrovirus "activates" the MSV genome
to trigger "transformation" which results in foci formation.

Supernatant is removed from the ceU line to be tested for presence of
15 replication competent retrovirus and passed through a 0.45 (i filter to remove any cells. On

day 1, MvlLu ceDs are seeded at 1.0 x 10^ ceUs per weU (one weU per sample to be tested)

of a 6 weU plate in 2 ml DMEM, 10% FBS and 8 ^g/ml polybrcne. MvlLu ceUs are plated

in the same manner for positive and negative controls on separate 6 well plates. The cells are

incubated overnight at 37X, 10% CO2. On day 2, 1.0 ml oftest supernatant is added to the

20 MvlLu cells. The negative control plates are incubated with 1.0 ml of media. The positive

control consists ofthree dilutions (200 focus forming units (flRi), 20 ffu and 2 fifij each in 1.0

ml media) ofMA virus (referred to as pAm in Miller et al„ Molec. and Cell Biol. 5:431,

1985) which is added to the ceUs in the posiUve control wells. The cells are incubated

overnight. On day 3, the media is aspirated and 3.0 ml of fresh DMEM and 10% FBS is

25 added to the ceUs. The ceUs are allowed to grow to confluency and are split 1 : 10 on day 6
and day 10, amplifying any replication competent retrovirus. On day 13, the media on the

MvlLu ceUs is aspirated and 2.0 ml DMEM and 10% FBS is added to the ceUs. In addition,

the MiCli ceUs are seeded at 1.0 x 10^ ceUs per weU in 2.0 ml DMEM, 10% FBS and 8

Kg/ml polybrene. On day 14, the supernatant from the MvlLu cells is transferred to the

30 corresponding well of the MiCli cells and incubated overnight at 10% CO2. On day
1 5, the media is aspirated and 3 .0 ml offresh DMEM and 10% FBS is added to the cells. On
day 21, the cells are examined for focus formation (appearing as clustered, refractile cells

that overgrow the monolayer and remain attached) on the monolayer of cells. The test

article is determined to be contaminated with replication competent retrovirus if foci appear

35 on the MiCli ceUs. Using these procedures, it can be shown that the HEV core producer cell

lines are not contaminated with replication competent retroviruses.
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ii.
rnmltivation ofProducer Lines und MdH Marker Rescue Assav

As an alternate method to test for the presence ofRCR in a vector-producing

5 cell line, producer cells are cocultivated with an equivalent number of dunni (NIH

NIAID Bethesda, MD) ceUs. Small scale cocuWvations are performed by mixing of 5.0 x

105 Mus dunni cells with 5.0 x 10^ producer cells and seeding the mixture into 10 cm plates

(10 ml standard culture media/plate, 4 |ig/ml polybrene) at day 0. Every 3-4 days the

cuhures are spUt at a 1:10 ratio and 5.0 x Id^MusdumU ceOs are added to each culture plate

10 to effectively dihite out the producer ceU line and provide maximum amplification of RCR.

On day 14, culture supematants are harvested, passed through a 0.45 \i ceUulose-aceUte

filter, and tested in the MdH marker rescue assay. Large scale cocultivations are performed

by seeding a mixture of 1.0 x lO* Mus dunni cells and 1.0 x 10« producer ceUs into a total of

twenty T-150 flasks (30 ml standard culture media/flask, 4 ^g/ml polybrene). Cultures are

15 spUt at a ratio of 1:10 on days 3, 6, and 13 and at a ratio of 1:20 on day 9. On day 15. the

final supematants are harvested, filtered and a portion of each is tested in the MdH marker

rescue assay.

The MSa marker rescue cdl line is doned fixwn a pool ofMus dunni cells

transduced wfth LHL, a retroviral vector encoding the hygromycinB resistance gene (Palmer

20 et al., PNAS 84: 1055-1059, 1987). The retroviral vector can be rescued fi-om MdH cells

upon infection of the ceUs with RCR. One ml of test sample is added to a well of a 6-well

plate containing 10' MdH cells in 2 ml standard culture medium (DMEM with 10% FBS,

1% 200 mM L-glutamine. 1% non-essential amino acids) containing 4 jig/ml polybrene.

Media is rq)laced after 24 hours vnth standard culture medium without polybrene. Two

25 days later, the entire volume of MdH cuhure supernatant is passed through a 0.45 ]i

ceUulose-acetate filter and transferred to a well of a 6-weU plate containing 5.0 x lO^* Mus

dunni target ceUs in 2 ml standard culture medium containing polybrene. After 24 hours,

supematants are replaced with standard culture media contaming 250 jxg/ml ofhygromycin B

and subsequently replaced on days 2 and 5 with media containing 200 pg/ml of hygromycin

30 B. Colonies resistant to hygromycin B appear and are visualized on day 9 post-selection, by

staixung with 0.2% Coomasae blue.
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Transduction ofMurine Ctjjs with Vector Construct Partirl^

The murine fibroblast cell lines BCIOME, B16 and L-M(TK-) (ATCC No.
CCL 1.3) are grown in DMEM containbg 4,500 mg/L glucose, 584 mg/L L-ghitamine

5 (Irvine Scientific, Santa Ana, CA) and 10% FBS (Gemini, Calabasas, CA).

The BCl'OME, BI6, and L-MCTK*) fibroblast cell lines are plated at 1.0 x 10^

cells each in a 10 cm dish in DMEM, 10% FBS complete and 4 pg/ml polybrene. Each is

transduced with 1.0 ml of the retroviral vector having a vector titer of approximately 10^

cfii/ml. Clones are selected in DMEM. 10% FBS and 800 ^g/ml G418 as described in

10 Example 2Bvb.

The EL4 (ATCC No. TIB 39) ceUs and EL4/A2/Kl> ceUs (Shennan, L.

Scripps Institute. San Diego, CA) are transduced by co<ulture with the DA producer ceUs.

Specifically, 1.0 x 10^ EL4 ceUs or 1.0 x lO^ EL4/A2/K«> are added to 1.0 x 10^ irradiated

(10,000 rads) DA (vector titer of approximately lO^-lO*^) producer cells in RPMI 1640

15 (Irvine Scientific, Santa Ana, CA). 10% FBS. and 4 ^g/ml polybrene on day 1. On day 2,

1.0 X 106 irradiated (10,000 rad) DA producer ceUs are added to the co-culture. On day 5.

selection ofthe transduced EL4 or EL4/A2/KB cells is initiated with 800 jig/ml G418. The
pool is dilution cloned as described in Example 2Bvb.

BCIOME, B16. L-M(TK-). and EL-4 ceUs, transduced by vectors that do not

20 cany a selectable marker, are not selected in G418 but are cloned by Umiting dilution and
assayed for expression as described above.

Transduction ofHuman Cells with KT- HRc HBV core Antigen or KT-R7-1 V^n^

Construct Particles

25

Lymphoblastoid ceU lines (LCL) are established for each patient by infecting

(ti-ansforming) their B-cefls with fi-esh Epstein-Barr virus (EBV) taken fi-om the supernatant

ofa 3-week-old culture ofB95-8, EBV transformed marmoset leukocytes (ATCC No. CRL
1612). Three weeks after EBV-transfonmation, the LCL are transduced with retroviral

30 vector expressing KT-HBc HBV core antigen or KT-B7-1. Transduction of LCL is

accompUshed by co-culturing 1.0 x lO^ LCL cells with 1.0 x 10^ irradiated (10,000 rads) HX
producer cells in a 6 cm plate containing 4.0 ml of medium and 4.0 |ig/ml polybrene. The
culture medium consists ofRPMI 1640, 20% heat inactivated FBS (Hydone, Logan, UT).
5.0 mM sodium pyruvate and 5.0 mM non-essential amino acids. After overnight co-culture

35 at 37°C and 5% CO2, the LCL suspension cells are removed and 1.0 x 10^ cells are again

co-cultured for another 6-18 hours in a fi-esh plate containing 1.0 x 10^ irradiated (10,000
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rads) HX producer cells. Transduced LCL cells are selected by adding 800 (ig/ml G41 8 and

cloned to obtain high expression clones. The Jurkat A2/K^ cells (Sherman, L. Scripps

Institute, San Diego, CA) are transduced essentially as described for the transduction ofLCL

cells. LCLs transduced by vectors are not selected in G418; they are cloned by limiting

S dilution as in Example 2Bvb and assayed for expresaon as in Example 2F. These ceUs can

be used as targets or in vitro stimulators in CTL assays.

F. Expression ofTransduced Genes

10 i. ELISA

CeU lysates from cells transduced by KT-HBc are made by washing 1 .0 x 1
0*^

cultured cells with PBS, resuspending the cells to a total volume of 600 ^1 on PBS, and

sonicating for two S-second periods at a setting of 30 in a Branson sonicator, Model 350,

IS (Fisher, Pittsburgh, PA) or by freeze thawing three times. Lysates are clarified by

centrifugation at 10,000 rpm for S minutes.

Core antigen and precore antigen in cell lysates and secreted e antigen in

culture supernatant are assayed u^g the Abbott HBe, rDNA EIA kit™. Another sensitive

ELA assay for precore antigen in ceU lysates and secreted e antigen in culture supernatant is

20 performed using the Incstar ETI-EB kit™ (Incstar Corporation, Stillwater, MN) A

standard curve is generated from dilutions of recombinant hepatitis B core and e antigen

obtained from Biogen (Cambridge, MA).

Using these procedures approximately 10 ng/ml HBV e antigen is expressed

in transduced cell lines (Figure S).

25

ii. SDS PAGEAVestem Blot Analysis

Proteins are separated according to their molecular weight (MW) by means of

sodium dodecylsul&te (SDS) polyacrylamide gel electrophoresis. Proteins are then

30 transferred from the gel to a IPVH Immobilon-P™ membrane (MiUipore Corp., Bedford,

MA). The Hoefer HSI TTE transfer apparatus (Hoefer Scientific Instruments, CA) is used

to transfer proteins from the gel to the membrane. The membrane is then probed with

polyclonal antibodies from patient senim that reacts specifically with the expressed protein.

The bound antibody is detected using ^^^Habeled protein A, which allows visualization of

3 5 the transduced protein by autoradiography.
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iii. ImmunoDreciDhation/Westem Blot Analysis

Charactemation of the core antigens expressed by transduced cells is

performed by immunopredpitation followed by Western blot analysis. Spedfically, 0.5-1.0

5 nd ofcell lysate inPBS or culture supernatant is mixed with polyclonal rabbit anti-hepatitis B
core antigen (DAKO Coiporation. Carpinteria, CA) bound to G-Sepharose (Phaimada

LKB, Upsala, Swedm) and incubated overnight at 4*C. Samples are washed twice in 20
mM Tris-HCl, pH 8.0, 100 mM NaCl, 10 mM EDTA and boUed in sample loading buflFer

with 0.5% p-2-mercaptoethanol. Proteins are first resolved by SDS potyaaylamide gel

10 electrophoresis and then transferred to Immobilon (Millipore Corp., Bedford, ME) and

probed with the DAKO polyclonal rabbit anti-hepatitis core antigen followed by I25i.protei„

A.

Using these procedures, it can be shown that the HBV core antigen is

expressed in transduced mouse cells Figure 6.

IS

G. Admlrustration ofVector Constiuets KT- B7-i and KT-HRc

i. Mouse Administration Protocol

20

Six- to eight-week-old female BALB/c, C57BL/6, C3H/He (Harlan Spraguc-

Dawley, Indianapolis, IN), HLA A2.1 (Engelhard, V., Charlottesville, VA) HLA A2A/K>
(Sherman, L., Scripps Institute, San Diego, CA) mice or HLA A2.1, human CD8+ mice are

injected intraperitoneally (I.P.) with 1 ml ofmixed media from the B7-1 and HBVc producer

25 ceU lines, or intramuscularly (I.M.), intradermally (I.D.), or subcutaneous (S.C.) with 0. 1 ml

of muted formulated KT- B7-1 and KT-HBc retroviral vector. These vectors are mixed

together prior to injection in a preferred ratio of 1:1. Up to six injections are given at one

week intervals. After each injection, sera is removed by retro-orbital bleeds for detection of

antibody induction as described in Example 21. Seven days after the last ir^ection, the

30 animals are sacrificed. ^iChromium release CTL assays are then performed essentially as

described in Example 2H.

ti- Non-Human Primates and Human Administration Protocol

The data generated in the mouse system from Example 2H is used to

determine the protocol of admim'stration of vector in macaques or chimpanzees chronically
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infected with hepatitis B vims. Based on the induction of HBV-specific CTL in mice, the

subjects in monkeys or chimpanzee trials receive three doses of vector encoding core antigen

and B7-1 at 28 day intervals given in two successively escalating dosage groups. Control

subjects will receive a placebo comprised of HBV-IT (V) formulation media (consisting of

5 laaose (40 mg/ml), human serum albumin (1 mg/ml) and Tris (1 mM) pH 7.2 - 7.5) The

combined dosage is dtKer lO^, lO^. lO' lO*, or lO' HEV-H (V) plus 37-1 (V) cfii given

in four 0.5 ml injections I.M. on each injection day. Ahematively, injections may be S.C..

I.D., I.P., or any other conventional vacdnation route. Blood samples wiU be drawn on days

4, 12, 24, 36, 52, 70 and 84 and months 6, 12, 18. 24, 30, and 36 in order to measure serum

10 aianiile aminirtransferase (ALT) levels, the presence of HBV e antigen, the presence of

antibodies directed against the HBV e antigen, and to assess safety and tolerabUity of the

treatment. The HBV e antigen and antibodies to HBV e antigen are detected by Abbott HB

e rDNA EIA kit™ as described in Example 2F. EflBcacy of the induction of CTL against

HBV core antigen can be determined as in Example 2Hiv. Based on the safely and efficacy

1 5 results from the monkey and chimpanzee studies, ti»e dosage and inoculation schedule will be

determined for administration of the vector to subjects in human trials. These will be the

same or 10 to 100 fold higher than for the non-human primate dosing. These subjects are

monitored for serum ALT levels, presence ofHBV e antigen, and the presence of antibodies

directed against the HBV e antigen, essentially as described above. Induction ofhuman CTL

20 against HBV core antigen is determined as in Example 2Hiv. Primate CTL responses are

measured in an analogous fa^on, described in Example 2Hiii.

H. rytntnxicitv Assavs

25 i. Inbred Mice

Six- to eight-week-old female Balb/C, C57B1/6 and C3H mice are injected as

in 2Gi. Animals are sacrificed after administration of vettor or transduced syngeneic cells.

Splenocytes (3 x lO^/ml) are harvested and cultured in vitro with tiieir respective irradiated

30 Uansduced ceUs (6 x 10*/ml) in T-25 flasks. Culture medium consists of RPMI 1640, 5%

heat-inactivated fetal bovine senim, 1 mM sodium pynivate, 50 jig/ml gentamycin and 10-5

M P-2-mercaptoethanol. Effector ceUs are harvested 4-7 days later and tested using various

effector:target cell ratios in 96 weU microtiter plates in a standard chromium release assay.

Targets are the HBV core transduced L-M(TK-) ceUs whereas the non-transduced L-M(TK-)

35 ceU lines are used as a control for background lysis. Specifically, Na25iCr04-labeled

(Amersham. Ariington Heights, IL)(100 nCi, 1 hr at 37°C) target cells (I x 10* cells/well)
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are mixed whh effector cells at various effector to target cell ratios in a final volume of 200

Hl FoUowing incubation, 100 |il of culture medium is removed and analyzed in a Beckman
gamma spectrometer (Beckman, DaUas, TX). Spontaneous release (SR) is determined as

CPM from targets plus medium and maximum release (MR) is determined as CPM fi-om

5 tai^gets plus IM HQ. Percent target ceD iym is calculated as: [OEffector cell + target CPM)
- (SR)/(MR) - (SR)] X 100. Spontaneous release values oftafg^ are typically 10%.20% of

the MR.

For certain CTL assays, the effectors may be m vitro stimulated multiple

times, such as, for example, on day 8-12 after the primary in vitro stimulation. More
10 specifically, 10^ effector ceUs are mixed with 6.0 x 10^ iiradiated (10,000 rads) stimulator

cells, and 2.0 x lO'' irradiated (3,000 rads) -filler" cells (prepared as described below) in 10

ml of "complete" RPMI medium. (RPMI containing: 5% heat inaaivated FBS. 2 mM L-

glutamine, 1 mM sodium pyruvate, IX nonessential amino acids, and 5.0 x 10^ M P-2-

mercaptoethanol). Tiller" ceDs are prepared from naive syngeneic mouse spleen cells

15 resuspended in RPMI, irradiated with 3,000 rads at room temperature. Splenocytes are

washed with RPMI, centrifuged at 3,000 rpm for 5 minutes at room temperature, and the

pellet is resuspended in RPMI. The resuspended cells are treated with 1.0 ml Tris-

ammonium chloride (100 ml of 0.17M Tris base, pH 7.65, plus 900 ml of 0.155 M NH4CI;

final solution is adjusted to a pH of 7.2) at 37**C for 3-5 minutes. The secondary in vitro

20 restimulation Is then cultured for 5-7 days before testing in a CTL assay. Any subsequent

restimulations are cultured as described above with the addition of 2-10 U of recombinant

human IL.2 (200 U/ml. catalog #799068, Boehringer Mannheim, W. Germany).

Using these procedures, it can be shown that CTL to HBV core antigen or

B7-1 administered individually, or HBV and B7-1 administered together are induced. When
25 compared, the vectors administered together yield a greater response than when injected

individually or induce equivalent responses using lower doses of tiie combination vectors

than the HBV core antigen vector alone. In certain cases, it may be necessary to add

unlabeled non-transduced or p-^/neo-transduced targets to labeled targets at a

predetermined ratio. This reduces the background lysis ofnegative control cells.

30 The 3-^fl/y/teo-transduced targets are generated as follows. The plasmid

pSP65 (Promega, Madison, WI) containing the bacterial p-ga/ gene is obtained, and the 3 .

1

Kb ^'gal gene isolated as a Xba I-Sma I Segment and inserted into pClSCAT (Anya et aL,

Science 229:69-73, 1985) digested with Xba I-Sma L The ^gal gene is excised as a 3 .1 Kb
Sal I-Sma I fragment and inserted into the KT-1 retroviral vector backbone at the Xho I and

35 the blunted Clal-site. The Cla I - Cla I fragment containing tiie SV2W^o cassette from
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PAFVXM IS inserted with the same transcription orientation as the vector into the Cla I site

by the resultant plasmid. This plasmid is designated CB-P-ga/.

Infectious retroviral particles arc produced through the generation of a stable

producer cell line by transfection of CR-^gal plasmid as described in Example 2Bvb The

5 stable producer cell line utilized in these studies is derived from the DA cell line, and is

designated DA-^gaL DA-P-ga/ is then used to generate retroviral vector expressing P-

gal/neo. The C3H (H-2k) cdl line L-M(TK-)is transduced with P-gaWiea vector as

described in Example 2D Clones are screened for P-ga/ expression and the highest

expressing clone is chosen for use as a negative "weo** control in CTL assays.

10

ii. HLA A2.1 . HLA A2.\/K> Transgenic Mice. HLA A2.1/Human CD8+ ormA
A2. l/k*>/Human CPg-^ Donblv Transgenic Mice

Individual vectors or a combination are injected as in Example 2Gi. Animals are

15 sacrificed and the splcnocytes (3 x lO^/ml) cultured in vitro whh irradiated (10,000 rads)

transduced Jurkat A2/K^ ceUs or with peptide coated (Example 2K) Juifcat A2/K^ cells

(6 X 10^/ml) in flasks (T-25). The remainder of the chromium release assay is performed as

described in Example 2H, where the targets are transduced and non-transduced EL4 AlfKP

and Jurkat A2/¥^ cells. Non-transduced cell lines arc utilized as negative controls. The

20 targets may also be peptide coated EL4 A2/K^ cells as described in Example 2K.

iii. M^paqM^

Blood samples are collected in heparinized tubes 14 days after each injection.

25 The peripheral blood mononuclear cells (PBMC) are then separated from blood using a

FicoU-hypaque (Sigma, St Louis, MO) gradient at 2,000 rpm for 30 minutes at room

temperature. The PBMC are stimulated in vitro at a stimulator:effector ratio of 10: 1 for 7-

10 days with autologous H. papiavirus LCL (ATCC# No. CRL 1855) transformed

recombinant retroviral transduced cells. Culture medium consists of RPMI 1640 with 5%

30 heat-inactivated FBS, 1 mM sodium pyruvate, 10 mM HEPES, 2 mM L-glutamine, and 50

jig/ml gentamycin. The resulting stimulated CTL eflFectors are tested for CTL activity

against transduced and non-transduced autologous LCL in the standard chromium release

assay.

35 iv. Chimpanzee and Human
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Human or chimpanzee PBMC are separated by FicoU-hypaque gradient

centrifiigation. Specifically, ceDs are centrifuged at 3,000 rpm at room temperature for 5

minutes. The PBMC are restimulated in vitro with their autologous transduced LCL, at a

stimulatoreflfector ratio of 10:1 for 10 days. Culture medium consists ofRPMI 1640 with

5 prescreened lots of 5% heat-inactivated FBS, 1 mM sodium pyruvate and 50 pg/ml

gentamydn. The resulting stimulated CTL eflfectors are tested for CTL activity using

transduced autologous LCL or HLA matched cells as taigets in the standard chromium
release assay, as described above. Since most patients have immunity to EBV, the non-

transduced EBV-transformed B-cells (LCL) used as negative controls, will also be

10 recognized as targets by EBV-specific CTL along with the transduced LCL. In order to

reduce the high background due to killing of labeled target cells by EBV.q)ecific CTL. it is

necessary to add unlabeled non-transduced LCL to labeled target cells at a ratio of 50:1.

Using these procedures, it is shown that the combination ofKT-HBc vector and B7. 1 vector

gives better responses then the KT-HBc vector alone at equivalent doses, or that equivalent

15 responses are seen using lower doses in the combination compared to the KT-HBc vector

alone.

I- Detection ofHumoral Immune Response

2° Humoral immune responses in mice specific for HBV core antigens are

detected by ELISA. The ELISA protocol utilizes 100 ng/weU ofrecombinant HBV core and
antigen (Biogen, Geneva, Switzerland) to coat 96-weU plates. Sera fi-om mice immunized
with ceUs, or direct vector expressing HBV core or antigen separately or in combination with

KT-B7-1 vector are then serially diluted in the antigen-coated wells and incubated for 1 to 2

25 hours at room temperature. After incubation, a mbcture of rabbit anti-mouse IgGl, IgG2a,

IgG2b, and IgGB with equivalent titers is added to the wells. Horseradish peroxidase

("HRP")-conjugated goat anti-rabbit anti-serum (Boehringer Mannheim, Indianapolis, IN) is

added to each well and tiie samples are incubated for 1 to 2 hours at room temperature.

After incubation, reactivity is visualized by adding tiw jqjpropriate substrate. Color will

30 develop in wells tiiat contain IgG antibodies ^>ecific forHBV core antigen.

Using tiiese procedures, it can be shown that IgG antibody to HBV core

antigens can be induced in mice, Figures 7A and 7B.
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J. T^CellProHfen^tipn

Antigen induced T-hdper activity resulting from two or three injections of

direct vector preparations expressing HBV core antigen, is measured in vitro. Specifically,

5 splenocytes from immunized mice are restimulated in vitro at a predetermined ratio with cells

expressing HBV core or e antigen or with cdls not expressing HBV core or e antigen as a

negative control. After five days at 3TC and 5% CO2 in RPMI 1640 culture medium

containing S% FBS, 1.0 ihM sodium pyruvate and 10-^ P-2-mercaptoethanol, the

supernatant is tested for IL*2 activity. IL-2 is secreted spedfically by T-hdper cells

10 stimulated by HBV core or e antigen, and its activity is measured using the CTL clone,

CTLL-2 (ATCC No. TIB 214). Briefly, the CTLL-2 clone is dependent on IL-2 for growth

and will not proliferate in the absence of IL-2. CTLL-2 cells are added to serial dilutions of

supernatant test samples in a 96-well plate and incubated at ST'C and 5%, CO2 for 3 days.

Subsequently, 0.5 \iCi ^H-thymidine is added to the CTLL-2 ^H-thymidine is incorporated

15 only ifthe CTLL-2 cells proliferate. After an overnight incubation, cells are harvested using

a PHD cell harvester (Cambridge Technology Inc.. Watertown, MA) and counted in a

Beckman beta counter. The amount ofIL-2 in a sample is determined from a standard cuive

generated from a recombinant 11^2 standard obtained from Boehringer Mannhdm

(Indianapolis, IN).

20

K. Identification ofImmunogenic Domams ofHBV Precore/core

Cytot05dc T lymphocyte epitopes may be predicted utilizing the HLA A2.1

motif described by Falk etal., {Nature 357:290, 1991). From this analysis, peptides are

25 synthesized and used to identify CTL epitopes. These peptides are tested on individuals with

acute hepatitis B infection or on HLA A2. 1 or HLA A2. l/KP transgenic mice. Effector cells

from individuals with acute hepatitis B infection are stimulated in vitro with transduced

autologous (Example 2E) LCL and tested on autologous LCL coated with the peptide. The

chromium release assay is performed as described in Example 2Hiv, except that peptide is

30 added at a final concentration of 1-100 jig/ml to non-transduced Na2^*Cr04-labeled LCL

along with eflFector cells. The reartion is incubated 4-6 hours and a standard chromium

release assay perfomned as described above.

EflFector cells from HLA A2.1 or HLA A2.1/K^ transgenic mice are harvested

and CTL assays performed as described above. The peptide is added at a final concentration

35 of MO pg/ml to non-transduced Na2^^Cr04-labeled ELA A2/K^ cells. These peptide

coated cells are utilized as targets in a CTL assay.
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Example 3

5 Administration ofBTV Antigen impression Vector and HBV Antigen Sindbis

Expression Vector

A. Construction ofHIV env Expression Veefrnr

10

A 2.7 Kb Kpn I -Xho I DNA fragment was isolated from the HIV proviral

done BH10-R3 (for sequence, see Ratner et al.. Nature 5/5:277, 1985) and a 400 bp Sal

MCpn I DNA fragment from mexE7deltaem' (a Bal31 deletion to nucleotide 5,496) was
ligated into the Sal I site in the plasnnid SK+ From this clone, a 3. 1 Kb e/rv DNA fragment

1 5 (Xho I-Cla I) which also encodes rev, essential for env expression, was purified and iigated

into a retroviral vector called pAFVXM. This vector was modified in that the Bgl U site was
changed by linker insertion to a Xho I site to fecilitate cloning ofthe HIV env coding DNA
fi'agment.

The eq)ression vector is constnjcted by a three part ligation in which the Xho
20 I-Cla I fragment containing the gene of interest and the 1 .0 Kb MoMLV 3' LTR Cla I-Knd

m fragment arc inserted into the Xho I-Knd m site ofpUC31/N2R5gM plasmid. The Cla

I-Cla I neo gene fragment from Uie pAFVXM retroviral vector is then inserted into the Cla I

site of this plasmid in the sense orientation.

This dominant selectable marker gene comprises a SV40 early promoter

25 driving expression of neomycin phosphotransferase gene (the Cla I fragment from the

plasmid pAFVXM). This gives the retroviral vector plasmid KT-1 (as opposed to tiie KT-

1

backbone).

B Construction of Sindbis Vectors Kyprftssing HBVe-c and HBV core

30

The plasmid SK"hHBe-c is constructed as described above in Example 2Bii.

Construction of a Sindbis vector expresang the HBVe-c sequence is accomplished by

digesting the plasmid SK+HB e-c witfi Xho I and Cla I restriction enzyme sites to release the

cDNA fragment encoding HBe-c sequences. The fragment is then agarose gel purified by

35 electrophoresis, Geneclean D™ , and inserted onto the desired Sindbis vector backbone,

prepared by digestion with Xho I and Cla I. and treated with calf intestine alkaline
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phophatase (CIAP). Several possible Sindbis vectors and whose detailed construction is

described in (USSN 08/122,791) are suitable for the insertion ofthe HBV antigen sequences.

Such Sindbis vectors include pSKSINBV, pSKSINdlJRsjrc, pSKSINdlJRsjrPC,

pSKSINdlJRsjrNP(7582-760 1) and pSKSINdlJRsesgr or related derivatives.

5 Constmction of a Sindlns vector expressing the HBV core sequence is

accomplished by Genedean II™ treatment ofthe PCR product described above detailing the

PCR ampUfication steps. The amplified product is then digested with Xhol and Clal

restriction enzyme sites, agarose gel purified, Geneclean II™ treated and then Bgated into

the same Sindbis vectors described above pre-treated with Xho I and Cla I enzymes.

10

C. fitaierarion of a Producer Cell Line which Expresses HBV Specific Antigen^

To produce a vector producing cdl line that expresses the HBV core antigen

derived fi^om the vector described above, transfected in vitro transcribed KNA transcripts in

15 the cytoplasm are encq>adated by Sindbis viral structural protons supplied in trans in a

Sindbis packaging ceU Une (Example 3D). Specifically the Sindbis RNA vector molecules

are initially produced by using a T7 vitro transcribed RNA polymerase system used to

transcribe from a cDNA Sindbis vector done encoding the HIV specific sequences. The

vector, in vitro generated RNA products, are then transfected into a Sindbis packa^ng or

20 hopping cell line leading to the production of transient infectious vector particles within 24

hours. These vector particles are then coUected in the supematants of the cell line cultures

and then filtered through a 0.45 h filter to avoid ceUular contamination. The filtered

supematants are then used to transduce a fresh monolayer of Sindbis padcaging cells. With

in 24 hours of Uansduction, Sindbis vector partides are being produced containing positive

25 stranded Sindbis recombinant RNA encoding Sindbis non-structural proteins and HTV

specific sequences.

An alternative configuration of a Sindbis HBV core antigen vector can be

devdoped using a promoter driven dDNA Sindbis vector containing a sdectable marker

(Example 3D). In this configuration the above described Xho I to Cla I fiagment containing

30 the specific HBV core antigen sequence is placed in a similar d5NA Sindbis veaor driven by

a constitutive promoter in place of a baaeriophage polymerase recognition sequence. Using

this configuration, the expression vector plasmids are transferted into the packaging cell line

and selected for the drug resistance gene 24 to 48 hours post transfection. Resistant pools

are then pooled 14 days later (dependent on the sdection marker used) and then (Ulutioned

35 doned. From tiie dilution done, several clones are then propagated, and assayed for highest
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vector titer. The highest titer clones are then expanded and frozen and tested for HIV
^>ecific proton production and immune response induction.

D. Alternative Viral Vetstor Packaging Technig^iy^

5 Sndbis packaging cdl lines are constructed as described U.S.S.N.

08/198,450. Various ahemadve systems can be used to produce recombinant Sindbis virus

carrying the vector construct. Each of these systems takes advantage of the fiwa that the

baculovinis, and the mammalian viruses, vaccinia and adenovinis, have been adapted recently

to make large amounts of any given protein for which the gene has been cloned. For
10 example. Smith et al. (MoL Cell. BioL 3:\2. 1983); Picdni et al (Meth. Enzymology

JS3:545, 1987); and Mansour et cd. (Proc Natl. Acad Sci. USA 82:1359, 1985).

These viral vectors can be used to produce proteins in tissue culture cells by
insertion of appropriate genes into the viral vector and, hence, could be adapted to make
Sindbis vector partides.

Adenovirus vectors are derived from nuclear repUcating viruses and can be
defective. Genes can be inserted into vectors and used to express proteins in mammalian
cells either by in vitro construction (Ballay et al.. EMBO J. ^:3861, 1985) or by
recombination in cells (Thummel etaL.J. MoL AfpL Genetics 7:435, 1982).

One prefiaxed method is to constiuct plasmids using the adenovirus major late

10 promoter (ML?) driving: (1) Sindbis non-structural proteins* and (2) a modified Sindbis

vector construct. A modified Sindbis vector in this configuration would stilt contain a

modified junction region, which would enable the RNA vector transcribed, to be self

replicating as it would in a natural setting.

These plasmids can then be used to make adenovirus genomes in vitro (Ballay

:5 et al., supra), and these transfected in 293 ceUs (a human cell line making adenovirus ElA
protein, ATCC No. CRL 1573), for which the adenoviral vectors are defective, to yield pure
stocks of Sindbis structural proteins and Sindbis vector carried separately in defective

adenovirus vectors. Since the titres of sud) vectors are typically lO^-lQlVml, these stocks

can be used to infect tissue culture ceUs simultaneously at high muhiplidty. The cells will

0 then be programmed to produce Sindbis proteins and Sindbis vector genomes at high levels.

Since the adenovirus vectors are defective, no large amounts of direct cell lysis will occur
and Sindbis vectors can be harvested fi-om the ceU supernatants.

Other viral vectors such as those derived from vectors unrdated to Sindbis

(e.g., RSV, MMTV or HFV) may also be used in the same manner to generate vectors from

5 primary cells. In one embodiment, these adenoviral vectors are used in conjunction with
primary cells, giving rise to Sindbis vector preparations.
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Recently an alternative expressaon system has also been described in which

chimeric HIV/poUovims genomes, result in the generation of chimeric minirepUcons {J.

Virol. 65:2875, 1991), capable of expressing fiision proteins. These chimeric polio virus

minireplicons were later demonstrated to be cncapsidated and produce infectious particles by

5 using a recombinant vaccinia virus (W-Pl) expressing the substituted poUo virus capsid

precursor PI protein which is defective in the chimeric minirepUcon (J. Virol 67:3712.

1993). In the study, HIV-1 gag-pol sequences were substituted for the VP2 and VP3 capsid

genes of the PI capsid of polioviius. In a similar ftsWon, the Sindbis vector genome can be

substituted for the PI capsid sequences and used in this system as a means for providing

10 poUo pseudotyped Sindbis vectors after transfecting in vitro transcribed Sindbis RNA

transcripts into the cdlBnc. Conversely, Sindbis structural proteins can also be substituted

for the VP2 and VP3 sequences, subsequently providing an alternative packaging cell line

system for Sindbis based vectors.

In an alternative system (which is more truly extraceUular), the following

15 components are used:

1. Sindbis sinictural proteins made in the baculovirus system in a

similar manner as described in Smith et al {supra) (or in other protein production

i^stems, such as yeast or£ coiO;

2. viral vector RNA made in the known T7 or SP6 or other in

20 vitro RNA-generating system (see, for example, Flamant and Sorge, J. Virol.

(52:1827, 1988);

3. tRNA made as in (2) or purified firom yeast or mammalian

tissue culture cells;

4. liposomes (with embedded em protein); and

25 5. cell extrart or purified necessary components (when identified)

(typicaUy from mouse ceUs) to provide RNA processing, and any or other necessary

cell-derived fiinctions.

Within this procedure (1). (2) and (3) are mfaced, and then env associated

Sindbis proteins, ceU extract and pre-Uposome mix (Hpid in a suitable solvent) added. It may.

30 however, be necessary to eariier embed the Sindbis env proteins in the liposomes prior to

adding the resulting Bposome-embedded env to ti»e mixture of (1), (2). and (3). The mix is

treated (e.g., by sonication, temperature nuuiipulation, or rotary dialysis) to allow

encapsidation of the nascent viral particles witii lipid plus embedded Sindbis env protein in a

manner similar to tiiat for liposome encapsidation of pharmaceuticals, as described in Gould-

35 Fogerite et al.. (Anal. Biochem. 148:\S, 1985). This procedure aUows the production of
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5

10

high litres of repUcation incompetent Sindbis vims vectors with out the requirement of
establishing intermediate packaging cell lines.

E. Expression ofInfected Cdk with Sindhis V^^
ftf-ff

EUSA and immunoprecipitation/Westem blot to determine expression of
HBV core antigen are performed as described above in Example 2F.

F- Direct Vector Administration in Mice

The mouse system may also be used to evaluate the induction of humoral and
cell-mediated immune responses with direct administration of vector encoding HBV core or

mV antigen Briefly, six- to eight-week-old female Balb/C, C57B16 or C3H/He mice are

injected IM., intradermaUy (I.D.), or subcutaneously (S.C.) with 0.1 ml of unpurified liquid

15 or reconstituted (with sterile deionized, distilled water) lyophilized HBV core Sindbis vector

and/or HIV antigen expressing retroviral vector. The titers of vector preparation between
10^ and 10» cfu/ml were injected individually or mixed and administered together. Two
injections are given one week apart. Seven days after the second injection, the animals are

sacrificed, sichronnium release CTL assays are then performed essentially as described in

20 Example 2Hi.

G. Cytotoxicity Assays

Cytotoxicity assays to detennine the presence of CTL directed against

25 heterologous proteins expressed by vector induced ceUs are performed as described in

Example 2H above.

H. Detection ofHumoral Immune RespnnM'

Humoral immune responses in mice specific for HBV core antigens are

detected by ELISA as described in Example 21 above.
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I. T-Tdl Proliferarion

Antigrai induced T-helper activity resulting from two or three injections of

direct vector preparations expressing HBV core antigen is measured in vitro by T cell

S proliferadon assay as described above in Example 2J.

J. Human and Non-Human Primate Administralion Protocol

Vector construct administration protocol for human and non-human primates

10 {e.g., monkey and or chimpanzee) is performed as described in Example 2G.

Eiamnle 4

1 5 Administration ofHBV Antigen Retroviral Vector or DNA Vector with fflV Antigen

Retroviral Expression Vector

A. Tndnetion of CTL and Humoral Antibody Responses with Retrovjffl Vector

j

Expressing HBV Core antigen:

1 Murine CTL Response:

20 Effector cells obtained from C3H/He OR mice (Hl^ primed

by i.m. administration ofHBV core formulated vector were tested for their cytolytic activity

using KB cAg retrovector-transduced LMTK-cells (R-lh HBcAg retrovector-transduced

BL/6 ceUs (H-2^). or HBcAg retrovector-transduced BCIOME ceUs (H-2d) as targets in a

chromium release assay. CTL responses against HBV core and HBV e antigen were

25 induced in C3H/He CR mice (see Figure 16). The results in Figure 17 show that the

effectors induced by immunization with HBcAg retrovector are H-2^ MCH class I restricted

because the effectors kill targets that present HBcAg in the comext of H-2l^ but do not kill

targets that present HBcAg in the context ofH-2b or

In order to determine whether the CTL response was mediated by CD4+ cells

30 or CD8+ cells, the stimulated effector ceUs were depleted of either CD4 cells or CDS cells

by treatment with either anti-CD4 or anti-CD8 antibodies conjugated to magnetic beads.

Stimulated effector ceUs depleted ofCD4 ceUs were isolated by immunomagnetic separation

using Dynabeads (Dynal Inc., Skoyen, NO) as follows: a) restimulated spenocytes were

incubated 30 minutes at 4»C with monoclonal rat anti-L3T4 (Collaborative Biomedical
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Products, Becton Dickinson Labware, Bedford, ME), b) ceUs were washed twice with

DMEM containing 10% FCS and resuspended to IxlO^ ceUs/mi in medium,
c) approximately 75^ll/lxlo7 ceUs/ml of prewashed Dynabeads coated with sheep anti-rat

IgG (Dynal Inc., cat #M-450) were added to the cells, and CD4+ cells were recovered
S magnetically. The remaining CIM-dqrfeted ceOs

were then tested for their cytolytic activity usingLM eon/ned^ and B-gal/neo"" as targets in a

chromium release assay.

Stimulated effector cells dq>leted of CDS odls are isokued by
inununomagnetic separation using Dynabeads (Dynal Inc., Skoyen, NO) as follows:

10 a) restimulated spenocytes are incubated 30 minutes at 4''C with monoclonal rat anti-Lyt-2

(CoUaborative Biomedical Products, Becton Dickinson Labware, Bedford. ME), b) cells are

washed twice with DMEM containing 10% FCS and resuspended to IxlO^ cells/ml in

medium, c) approximately 75^1/lxl07 ceUs/ml of prewashed Dynabeads coated with sheep

anti-rat IgG (Dynal Inc., cat #M-450) are added to the ceUs, and CD4+ ceUs are recovered

15 magneticaUy. The remaining CD8-depleted cells are then tested for their cytolytic activity

uang i.m. core/neoT and B-gal/neo^ as targets in a chromium release assay. The results

showed that the CTL ^fectors are CD8+, CD4-. (See figure 1 8.)

2. Murine Humoral Immune Response-

Humoral immune responses in mice spedfic for HBV core and e antigens

20 were detected by ELISA. The ELISA protocol utilizes 100 ng/weU of recombinant HBV
core antigen (Biogen, Geneva, Switzerland) to coat 96-weU plates. Sera from mice

immunized with the HB Fcore/neoR vector txpns^g HBV core were serially diluted in the

antigen-coated wells and incubated for 1 to 2 hours at room temperature. After incubation, a

mbcture of rabbit anti-mouse IgGl, Ig(aa, IgG2b, and IgG3 with equivalent titers was added

25 to the weUs. Horseradish peroxidase ("HRP")-conjugated goat anti-rabbit anti-serum is

added to each well and the samples were incubated for 1 to 2 hours at room temperature.

After incubation, reactivity was visualized by adding the appropriate substrate. Color

developed in weUs that contain IgG antibodies specific for HBV core antigen. IgG antibody

to HBV core antigen was induced in mice as shown in Figure 19. (The antibody titer is

30 expressed as the reciprocal for the dilution required to yield 3 times the CD reading of pre-

immunication sen.)

The isotype(s) of the humoral response in mice immunized with formulated

HBV rem>vectors were detected by an EUSA assay described above, with the following

modification: sera fix)m mice were serially diluted into the wells of a 96 well titer plate in

35 which the wdls have been coated with ddier recombinant core or e proton as described

above. The specific isotype was determined by incubation with one of the following rabbit
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anti-mouse antiscra: IgGl, IgG2a, IgG2b, or lgG3. The assay was developed as described

above. Using this procedure, it was shown that both IgG2a and IgGl antibodies were

induced in C3H/He (CR) mice immunized with fomulated HBV core vector (6A3) and with

formulated HBVc vector (5A2) (see Figure 20).

5

3 Induction ofa CTL response in transgenic HBeAg mice:

Transgenic HBe mice were successively backcrossed to C3H/He nuce for

three generations. Retroviral vectors encoding HBcAg were injected i.m. in the right and left

gastronemus muscle of three mice. The mice were boosted on Day 7 and spleens were

10 harvested on Day 14 for testing in the CTL assay. Results of the CTL assay showed that all

three mice had CTL responses greater than 15% over the negative control an an

effectortarget ratio of 100:1.

4 CTL Immune Response in Macaques:

IS Male and female macaques ofvariable age (Primate Research Institute, White

Sands, New Mexico) were injected intramuscularly (4 sites), or intradermally in the nape of

the neck with 0.5 ml offormulated HB Fcorc/neo^ vector, orHBV c retroviral vector. Four

injections were given at 14 day intervals. Fourteen days after each injection, blood samples

were collected for chromium release CTL assays.

20 Blood samples were collected in heparinized tubes 14 days after each

injection. The peripheral blood mononuclear cells (PBMCs) were then spun through a

Ficoll-hypaque column at 2000 rpm for 30 minutes at room temperature. The PBMCs were

stimulated in vitro with their autologous transduced LCL at a stimulator:eflFector ratio of

10:1 for 7-10 days. Culture medium was RPMI 1640 with 5% beat-inactivated fetal bovine

25 serum (Hyclone, Logan, Utah), 1 mM sodium pyruvate, 10 niM HEPES, 2 mM L-glutamine,

and 50 ugm/ml gentamydn. The resulting stimulated CTL effectors were tested for CTL

activity against transduced and non-transduced autologous LCL in the standard chromium

release assay. There was a positive CTL response to both the HBV core and e antigens.

(See figure 21.)

30 Stimulated macaque effertor cells depleted of CD4 or CDS cells were

prepared using Dynabeads as described above for the murine effector cells. The CD8-

depleted and the CD4-depleted cells were then tested for cytolytic activity using i.m.

core/neoR and B-gal/neoR as targets in a chromium release assay. (See Figure 22).
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B. Mwi^Qn ofCTL Response with DNA Vectnr« ^ressinp HBV core imtipen-

1. Vector construction

The eukaiyotic expression vector pcDNA3 was obtained from Invitrogen

5 (San Diego. California, USA). This vector includes the human cytomegolovirus (CMV)
major inmediate early promoter/enhancer region and the expression ofaU inserted genes was
driven using this promoter. Other relevant features of this vector include a bovine growth
hormone (BGH) potyA+ signal and a neomydn resistance gene.

The Xho I to Cla I HBV core fragment from KT-HBc was ligated into the

10 Xho I and Cla I sites of SK n+ (Stratagene, U Jolla, California. USA). This plasmid was
designated SK U+ HBV core. From this plasmid, the Xho I-Xba fragment encoding HBV
core antigen was excised and inserted into the Xho I-Xba I sites of the pcDNA3 vector.

This plasmid was designated pcDNA3 HBV core.

15 2. CTL Induction :

Female C3H/HeN mice (Charles River Laboratories, Massachusetts, USA)
were injected i.m. in the right and left TiWaUs anterior muscle with 60-100 ug of plasmid
DNA dissolved in 50 ul of PBS ushg a 3/lOcc U-100 insulin syringe with a preattached

29G1/2 needle. All plasmid DNA was double cesium chloride purified using standard

20 techniques. Mice were anesthetized with Avertin prior to pretreatment with 100 ul of lOuM
cardiotoxin (Latoxin, Rosans, France) in PBS. 5 days prior to the injection of the plasmid
DNA. Mice were injected on day 0 and boosted 4 weeks later, and their spleens were
collected for testing in a CTL assay.

CTL assays were performed as described in Example 2, herein. Results of the
25 CTL assays showed two of the three mice had CTL responses greater than 15% over the

n^ative control at an effector: target ratio of 100: 1.

C. CYto^p?pgity Assays

30 i. Cvtotoxicitv Assays to Determine the Presenci. ofm
CTL directed against heterologous proteins expressed by vector induced cells

of inbred mice are performed as described in Example 2Hi above.
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ii. HI.A A2.1 Transgenic Mice

Six- to dght-week-old fenude HLA A2.1 transgenic mice are injected twice

LM., LD„ or S.C. at 1 week intervals with 10^ to 10*^ cfii ofHIV JHenv in combination with

5 10 to 100 ug of KT-HBc expression vector DNA with or without additives such as

bupivacaine, which enhances gene e)q)ression when injected I.M (Danko, I., et cd.. Gene

Ther€^ 7:114-121, 1994). Animals are sacrificed 7 days later and the splenocytes

(3 X 10^/ml) cultured in vitro with irradiated (10,000 rads) transduced Juikat A2/K^ cells or

with peptide coated Jurkat A2/K*» cells (6x lO^/ml) in flasks. The remainder of the

10 chromium 51 release assay is performed as described in Example 2Hi where the targets are

transduced and non-transduced EL4 A2/K^ and Jurkat A2/KP cells. Non-transduced cell

lines are utilized as n^adve controls. The targets may also be peptide coated EL4 A2fK^

cells.

IS D. Human and Non-Human Primate Admiristration Protocol

The data generated in the mouse system from Example 2Hi is used to

detennine the protocol of administration of vector in macaques or chimpanzees chronically

infected with HBV. Based on the induction of HBV-specific CTL in mice, the subjects in

20 monkeys or chimpanzee trials receive three doses of CMV HBV core antigen expression

vector DNA and HIV UIBenv RRV at 28 day intervals given in two successively escalating

dosage groups. Control subjects will receive a placebo comprised of HBV-IT (V)

formulation media. The combined dosage is 10^, lO"^, 10^^ or 10^ HIV USBenv RRV plus 1,

10, 100, 1000 Jig of CMV HBV core antigen expression vector DNA given in four 0.5 ml

25 injections I.M. on each injection day. The ratio of the two can be 100:1, 10:1, 1:1, 1 10, or

1:100. Blood samples are drawn on days 4, 12, 24, 36, 52, 70 and 84 and months 6. 12, 18,

24, 30, and 36 in order to measure serum ALT levels, the presence ofHBV e antigen, the

presence of antibodies directed against the HBV e antigen and to assess safety and

tolerability of the treatment. The HBV e antigen and antibodies to HBV e antigen are

30 detected by Abbott HBe rDNA EIA kit™ as described in Example 2Fi EflScacy of the

induction ofCTL against HBV core or can be determined as in Example 4E.

Based on the safety and cfiBcacy results from the monkey and chimpanzee

studies, the dosage and inoculation schedule will be determined for administration of the

vector to subjects in human trials. These doses are in the range of 10^ to 10^ cfu of HIV-

35 IT(V) and 1 to 1000 ^g ofCMV HBV core antigen expression vector. These subjects are

monitored for serum ALT levels, presence ofHBV e antigen and the presence of antibodies
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directed against the HBV e antigen, essentially as described above. Induction ofhuman CTL
againstHBV core antigen is detomined as in Example 4E.

5 E. Human CTL Assays

Human CTL assays are perfonned as described in Example 2Hiv.

Detection ofHumoral In^pmne Respnn^.

10

Humoral immune responses in mice specific for HBV core antigens are
detected 1^BUSA as desoibed in Example 21 above.

15

G. T-Cell Proliferation

Antigen induced T-helper activity resulting from two or three injections of
direct vector preparations expressing HBV core antigen is measured in vitro by T-cell

20 proliferation assay as desmbed above in Example 2J.

Eiamnle S

25 Administration ofRecombinant Retroviral Vectors Expressing r-IFN and HIV
Antigen

A. Cloning ofmy-IFN and Inserrion into

A my-IFN cDNA is cloned into the EcoR I site ofpUCl 8 1 3 essentially as set

forth below. Briefly, pUC1813 is prepared as essentially described by Kay et. ai. Nucleic
Adds Research 75:2778, 1987; and Gray et. al. PNAS 80:SS42, 1983) (Figure 8A). The
my-IFN cDNA is retrieved by EcoRI digestion and the isolated fragment is cloned into the
EcoR I site of phosphatase-treated pSP73 (Promega, Madison, WI.) (Figure 8B). This
construct is designated SP my-IFN. The orientation of the cDNA is verified by appropriate
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restriction enzyme digestion and DNA sequencing. In the sense orientation, the 5' end ofthe

cDNA is adjacent to the Xho 1 site ofthe pSP73 polylinker and the 3' end adjacent to the Cla

I she. The Xho I-Cla I fragment containing the my-IFN cDNA in either sense or antisense

orientation is retrieved from SP my-IFN constnict and cloned into the Xho I-Cla I site of the

KT-3B retroviral. This construct is designated KT my-IFN (Figure 8C).

B. qnntnp ofhv.TFN Mid Insertion into KT-3B

i. PHA Stimulation ofJurkat Cells

10

Jurkat cells (ATCC No. CRL 8163) are resuspended at a concentration of

1 X 10^ ceUs/ml in RPMI growtii media with 5% FBS to a final volume of 158 ml.

Phytohemoagglutinin (PHA) (Curtis Mathes Scientific, Houston, TX) is added to the

suspension to a final concentration of 1%. The suspension is incubated at 3T»C in 5% CO2

15 overnight. The cells are harvested on the foUowing day and aliquoted into three 50.0 ml

centrifuge tubes. The three peUets are combined in 50.0 ml Ix PBS, 145 mM. pH 7.0 and

centrifuged at 1,000 ipm for 5 minutes. The supernatant is decanted and the ceUs are

washed with 50.0 ml PBS. The ceUs are coUected for RNA isolation.

20 u. UNA Isolation

The PHA stimulated Jurkat cells are resuspended in 22.0 ml guanidinium

solution (4M guaiudinium thiocyanate; 20 nnM sodium acetate, pH 5.2; 0.1 M dithiotiireitol,

0.5% sarcosyl). This ceU-guanidiiuum suspension is tiien passed tiirough a 20 gauge needle

25 six times in order to disrupt ceU menibfanes. A CsCI sohition (5.7M CsCI. 0.1 M EDTA) is

then overlaid with 11.0 ml of the disrupted cell-guanidinhim sohition. The solution is

centrifuged for 24 hours at 28,000 rpm in a SW28.1 rotor (Beckman, FuUerton, CA) at 20°

C. After centrifiigation the supernatant is carefvdly aspirated and tiie tubes blotted dry. The

pellet is resuspended in a guanidinium-Ha solution (7.4 M guanidinium-HCl; 25 mM Tris-

30 HCl, pH 7.5; 5 mM ditiiiotiu-dtol) to a final volume of 500 ^l. This solution is transferred to

a microcentrifiige tube. 12.5 jil of concentrated glascial acetic acid and 250 ^l of 100%

EtOH are added to the microfiige tube. The solution is mixed and stored for several days at

-20X.

After storage, tiie solution is centrifuged for 20 minutes at 14,000 rpm,

35 4*C. The peUet is then resuspended in 75% EtOH and centrifiiged for 10 minutes at 14,000

rpm. 4''C. The pelirt is dried by centrifiigation under vacuum, and resuspended in 300 nl
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deionized (DI) H2O. The concentration and purity of the RNA is detennined by measuring
optical densities at 260 and 280 nm.

iii. Reverse Transcription Reactinn

5

Immediately before use. 5 jil (3.4 mg/ml) of purified Juricat RNA is heat

treated for 5 minutes at 90»C, and then placed on ice. A solution of 10 fil of 1 Ox PCR buflFer

(500 mM KCl; 200 mM Tris-HCl, pH 8.4; 25 mM MgCli; 1 mg/ml bovine serum albumin
(BSA)); 10 fil of 10 mM dATP, 10 ^1 of 10 mM dGTP, 10 (il of 10 mM dCTP, 10 fii of 10

10 mM dlTP. 2.5 ^1 RNasin (40,000 U/ml. Promega, WI) and 33 nl DI HjO, is added to the
heat treated Jurkat ceD RNA. To this solution 5 mI (108 nmol/ml) of (Sequence ID No. 1),

and 5 III (200.000 U/ml) MoMLV reverse transcriptase (EC 3.1.27.5. Bethesda Research
Laboratories, MD) is mixed in a microfuge tube and incubated at room temperature for 10
minutes. FoHowing the room temperature incubation, the reaction mixture is incubated for 1

15 hour at 37«»C. and then incubated for 5 minutes at 95°C. The reverse transcription reaction

mbcture is then placed on ice in prq)aration for PCR.

iv. PCR Amplificafjpn

The PCR reaction mbcture contains 100 ^1 reverse transcription reaction; 356
\il DI H2O; 40 ri! lOx PCR buflFer; 1 ^1 (137 nmol/ml) (Sequence ID No. 2); 0.5 fil (320
nmol/ml) (Sequence ID No. 3), and 2.5 jil, 5,000 U/ml, Taq polymerase (EC 2.7.7.7, Perkin-

Elmer Cetus, CA). One hundred microliters of this mixture is aliquoted into each of 5 tubes.

25 (SEQUENCE ID No. 13)

5'-TAA TAA ATA GAT TTA GAT TTA-3'

This primer is complementary to a sequoice of the my-IFN cDNA 30 base
pairs downstream ofthe stop codon.

30 (SEQUENCE ID No. 14)

5'.GC CTC GAG ACG ATG AAA TAT ACA AGT TAT ATC TTG-3'

This primer is complementary to the 5* coding region of the my-IFN gene,

beginning at the ATG start codon. The 5* end ofthe primer contains a Xho I restriction site.

35 (SEQUENCE ID No. 15)

5'-GA ATC GAT CCA TTA CTG GGA TGC TCT TCG ACC TGG-3'
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10

This primer is complementaiy to the 3' coding region of the my-IFN gene,

ending at the TAA stop codon. The 5' end ofthe primer contains a Cla I restriction site.

Each tube was overlaid with 100.0 ti\ mineral oil, and placed into a PGR

machine (Ericomp Twin Block System. Ericomp, CA). The PGR program regulates the

temperature of the reaction vessel first at 9S^C for 1 minute, next at 67»C for 2 minutes and

finally at TZ'C for 2 minutes. This cyde is repeated 40 times. The last cycle regulates the

temperature of the reaction vessel first at 95X for 1 minute, next at 6TC for 2 minutes and

finally at 72*»C for 7 minutes. The completed PGR amplification reactions are stored at 4X

for 1 month in prq)aration for PGRDNA isolation.

V. JHa^^nofPCRDNA

The aqueous phase from the PGR amplification reactbns are transferred into

15 a single microfiige tube. Fifty microUters of 3 M sodium acetate and 500 pi of

chloroform:isoamyl alcohol (24:1) is added to the solution. The solution is vortexed and

then centrifiiged at 14.000 ipm at room temperature for 5 minutes. The upper aqueous

phase is transferred to a fiissh micro&ge tube and 1.0 ml of 100% EtOH is added. This

solution is incubated for 4.5 hours at .20*C and then centrifoged at 14,000 rpm for 20

20 minutes. The supernatant is decanted, and the peUet is rinsed with 500.0 jil of 70% EtOH.

The pellet is dried by centrifugation under a vacuum. The isolated hy-IFN PGR DNA is

resuspended in 10 pi DI H2O.

25 vi. TrMtinn and Isplatmn ofBlimt-Enrf^ hv-TFN PGR DNA Fragments

The hy-IFN PGR DNA is blunt ended using T4 DNA polymerase.

Specifically. 10 yd of PGR amplified DNA; 2 \iK lOx, T4 DNA polymerase buffer (0.33 M

Tris-acetate, pH 7.9, 0.66 M potassium acetate, 0.10 M magnesium acetate, 5 mM

30 dithiothreitoi, 1 mg/ml BSA); 1 2.5 mM dNTP (a mixture containing equal molar

concentrations of dATP, dGTP, dTTP and dGTP); 7 yil DI H2O; 1 jxl, 5.000 U/ml, Klenow

fragment (EC 2.7.7.7, New England Biolabs, MA); and 1 3,000 U/ml, T4 DNA

polymerase (EC 2.7.7.7, New England Biolabs. MA) are mbced together and incubated at 37

°C for 15 minutes. The reaction mixture is then incubated at room temperature for 40

3 5 minutes and followed by an incubation at 68°C for 1 5 minutes.
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The blunt ended hy-IFN is isolated by agarose gel electrophoresis.

Specifically, 2 ^1 of loading dye (0.25% bromophenol blue; 0.25% xylene cyanol; and 50%
glycerol) is added to reaction mixture and 4 jil is loaded into each of 5 lanes of a 1%
agarose/Tris-borate-EDTA (TBE) gel containing ethidium bromide. Electrophoresis of the

5 gel is peiitmned for 1 hour at 100 vohs. The desired DNA band containing hy-IFN,

approxinutdy 500 base pairs m length, is visualized under ultraviolet li^.

This band is removed fixNn the gd by dectrophoretic transfer onto NA 45

paper (Schleicher and Schuell, Keene, NH). The p^er is incubated at eS'C for 40 minutes

in 400 ^1 of high salt NET buflfer (1 M NaCl; 0.1 mM EDTA; and 20 mM Tris, pH 8.0) to

10 elute the DNA. The NA 45 paper is removed from solution and 400 |il of

phenolxhloroformrisoamyl alcohol (25:24:1) is added. The solution is vortexed and

centrifiiged at 14,000 for 5 minutes. The upper aqueous phase is transferred to a fresh tube

and 400 III of chloroform:isoamyl alcohol (24:1) is added. The mixture is vortexed and

centrifiiged for 5 miinites. The upper aqueous phase is transferred, a second time, to a fresh

15 tube and 700 of 100% ethanol is added. The tube is incubated at -20°C for 3 days.

Following incubation, theDNA is precipitated fi-om the tube by centrifiigation for 20 minutes

at 14,000 ipm. The supernatant is decanted and the pdlet is rinsed with 500 |il of70% ethyl

alcohol. The peUet, containing blunt ended hy-IFN DNA, is dried by centrifiigation under

vacuum and resuspended in 50 |il ofDI H2O.

20 The isolated blunt ended hy-IFNDNA is phosphoiylated using po^udeotide
kinase. Specifically, 25 fil of blunt-ended hy-IFN DNA 3 nl of lOx kinase buflFer (0.5 M
Tris-HCl, pH 7.6; 0.1 M MgCb; 50 mM dithiothreitol; 1 mM spermidine; 1 mM EDTA),
3 jil of 10 mM ATP, and 1 ii\ ofT4 polynucleotide kinase (10,000 U/ml, EC 2.7.1.78. New
England Biolabs, MD) is nuxed and incubated at 37"'C for 1 hour 45 minutes. The enzyme is

25 then heat inactivated by incubating at eS^C for 30 minutes.

vii. Ligation ofhv-IFN PCR DNA into the fx+

An SK"*" plasmid is digested with Mnc n restriction endonuclease and purified

30 by agarose gel dectrophoresis as described above. Specifically, 5.9 ^1 (1.7 mg/ml) SK"*"

plasmid DNA 4 nl lOx Universal buffer (Stratagene, San Diego, CA), 30.1 ^l DI H2O, and

4 ^1 Hinc n, 10,000 U/ml, are mixed in a tube and incubated for 7 hours at 37X. Following

incubation, 4 ^l of loading dye is added to the reaction mixture and 4 pi of this solution is

added to each of 5 lanes of a 1% agarose/TBE gel containing ethidium bromide.

35 Electrophoresis of the gel is performed for 2 hours at 105 vohs. The Hinc U cut SK"*"
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plasmid, 2,958 base pairs in length, is visualized with ultraviolet light. The digested SK^

plasmid is isolated from the gel u^g the method described in Example IB.

Dephosphorylation of the Hinc n cleavage »te of the plasnud is performed

using CIAP. Specifically, 50 \il digested SK+ plasmid; 5 ^l 1 M Tris. pH 8.0; 2.0 ^l 15 mM

5 EDTA, pH 8.0; 43 jil H2O and 2 fil 1,000 U/ml, CIAP (Bodmnger Mannheim, Indianapolis,

IN) are mixed in a tube and incubated at ST'C for 15 minutes. Folloi^g incubation, 2 pi

CLAP is added and the solution is incubated at 55''C for 90 minutes. Following this

incubation, 2.5 ^l 20% SDS, 1 jil 0.5 M EDTA, pH 8.0, and 0.5 ^l, 20 mg/ml, proteinase K

(EC 3.4.21.14, Boehringer Mannheim, Indianapolis, IN) are added, and the solution is

10 incubated at 55*'C for 2 hours. TWs solution is cooled to room temperature, and 110 \x\

phenol:chloroform:isoamyl alcohol (25:24:1) is added. The mixture is vortexed and

centrifiiged at 14,000 rpm for 5 minutes. The upper aqueous phase is transferred to a fresh

tube and 200 pi of 100% EtOH is added. This mixture is incubated at 70**C for 15 minutes.

The tube is centrifiiged and the pellet is rinsed with 500 ^l of 70% EtOH. The pellet was

15 then dried by centrifiigation under a vacuum. The dephosphorylated SK"^ plasmid is

resuspmded in 40 pi DI H2O.

The hy-BFN PGRDNA is ligated into the SK+ plasmid using T4 DNA ligase.

Specifically, 30 pi blunt ended, phosphorylated, hy-IFN PCR DNA reaction mixture, 2 jil

dephosphorylated SK"*" plasmid and I pi T4 DNA ligase are combined in a tube and

20 incubated overnight at IS'^C. DNA was isolated using a miniprep procedure. More

specifically, the bacterial E coli strain DH5a is transformed with 15 pi of ligation reaction

mixture, plated on Luria-Bertani agar plates (LB plates) containing ampicillin and 5-bromo-

4-chloro-3-indolyl-p-D-galactoside (X-gal, Gold Biotechnology, St. Louis, MO), and

incubated overnight at 3TC. DNA is isolated from white bacterial colonies using the

25 procedure described by Sambrook etd. supra. The presence of the hy-IFN gene is

determined by restriction endonuclease cleavage with Xho I, Cla I, Ava II, Dra I, and Ssp L

The expected endonuclease restriction cleavage fragment sizes for plasmids containing the

hy-IFN gene are presented in Table 1. The isolated DNA plasmid is designated SK hy-IFN

and used in constructing the retroviral veaors.

30

Table 1

Enzyme Fragments fbp^

Xho I and Cla I 500. 2,958

35 Avan 222, 1,307, 1,937

Dra I 700, 1,149, 1,500

Ssp I 750, 1,296, 2,600
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viu. Ligation ofhv-IFN Gene into Retmviral Vectnr

The intefferon gene is removed from SK hy-IFN vector by digestion with Xho
5 I and Cla I restriction eodomicleases. The resulting fragment containing the by-IFN gene is

approximately 500 bp in length, and is isolated in a 1% agarose/TBE gel electrophoresis as

described in Example 5Cii. The Xho I-Qa I hy-IFN fragment is then ligated into the KT-3B
retroviral. This construct is designated KT hy-IFN. The expression ofhy-IFN is determined

by transforming DHSa bacterial strain with the KT hy-IFN construct. Specifically, the

10 bacteria is transformed with 15 ^1 of ligation reaction mixture. The transformed bacterial

cells are plated on LB plates containing ampicillin. The plates are incubated overnight at 37°

C and bacterial colonies are selected. The DNA is digested with Xho I, Cla I, Dra I, Nde I,

and Ssp L The expected endonuclease restriction cleavage fragment sizes for plasmids

containing the hy-IFN gene are presented in Table 2.

15

25

30

Table 2

Etvzypi? Fragments (hp)

20 Xho I and Cla I 500, 6,500
Nde I 1,900, 5,100
Oral 692, 2,700, 3,600
Ssp I 541. 1,700, 4,700

Transduction of Packaging CeU Lines DA and Murine Tumnr Cell Line.^ fBlfiFin
and L33'> with mv-IFN Retroviral Vector

Plasmid DNA Transfection

293 2-3 cells (a cell line derived from 293 cells ATCC No. CRL 1573, WO
92/05266) 5.0 x 10^ cells are seeded at approximately 50% confluence on a 6 cm tissue

culture did». The fi)Dowing day, the media is replaced with 4 ml fresh media 4 hours prior to

transfection. A standard calchim phosphate>DNA copredpitation is performed by mixing

35 10.0 pg of KT my-BFN plasmid and 10.0 pg MLP G plasmid with a 2M CaCl solution,

adding a Ix HEPES buffered saline solution, pH 6.9, and incubating for 15 minutes at room
temperature. The calcium phosphate-DNA coprecipitate is transferred to the 293 2-3 cells,

which are then incubated overnight at 37'>C, 5% CO2. The foUowing morning, the cells are
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rinsed 3 times in Ix PBS, pH 7.0. Fresh media is added to the ceUs, followed by overnight

incubation at 3TC, 10% COi- The following day, the media is coUected from the cells and

passed through a 0.45 (i filter. This supernatant is used to transduce packaging and tumor

cell lines.

5 DA cells are seeded at 5.0 x 10^ ceDs/10 cm dish. 0.5 ml of the 293 2-3

supernatant stored at -TCC is added to the DA ceUs. The following day, G418 is added to

these ceUs and a drug resistant pool is graierated over the period of a week. DA clones are

selected for vector production.

10 ii. Cdl Line Tmnsduction

L33 cdls are seeded at 1.0 x 105 cells/6 cm dish. 1.0 ml of the 293 2-3

supernatant stored at -TOX is added to the L33 ceUs. The foUowing day, G418 is added to

these cells and a drug resistant pool is generated over a period ofa week. This pool of cells

1 5 is dilution cloned by adding one ceU to each weU of 96 weU plates, at whidi time cell lysates

are prepared for analysis of major histocompatability complex (MHC) expresaon. A clone,

L33/mY-IFN #15. which bad significantly increased levels of MHC expression is used in

subsequent mouse stu£es.

20 iii. B 1 6F1 0 Cell Tine Transduction

B16F10 cells (Dennert, USC Comprehenave Cancer Center, Los Angeles,

CA; Warner, et. al., Nature iOO; 113-121, 1982) are seeded at 2.0 x lO^ cell/10 cm dish with

a 4 pg/ml polybrene. 0.1 ml of supernatant from the DA my-IFN pool is added to the cells

25 and incubated for 6 hours at 37''C, 10% CO2. G418 is added after incubation and a drug

resistant pool is generated. This pool is dilution cloned by adding 1.0 ceUs to each well of 96

well plates. Twenty-four clones are expanded to 24 well plates, then to 6 well plates, at

which time cell lysates are made for analyas ofMHC expression. A clone, BiePlO/my-IFN

#4, having significantly increased levels of MHC expression is used in subsequent mouse

30 studies.

iv. CT 26 and Lewis Lunf Tumor Cdl Line Transduction

Colon tumor 26 (CT 26) (Brattain, Baylor College of Medicine, Houston TX)

35 and Lewis lung tumor (LLT) (Waude, Southern Research Institute, Binningham, AL, ATCC

No. CRL 1642) cells are seeded 1.0 x 10^ cells/6 cm plate for each cell line m DMEM with
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10% FBS and 4 pg/ml polybrene and incubated for 24 hours at 37°C, 10% CO2. After
incubation, 1.0 ml of KT my-IFN retroviral vector (9.0 x 10^ cfu/ml) is added to each
respective ceU Une and incubated for 24 hours at 37X. 10% CO2. FoUowing incubation, the
medium is changed and replaced with DMEM with 10% FBS and 400 ^g/ml G418. These

5 ceU lines are kept under G418 selection for approximately two weeks. Selected CT 26 and
LLT resistant pools are dUution cloned by adding one ceU to each weU of 96 weU plates.

Two 96 weU plates are seeded for each G418-se!ected pool. CT 26 and LLT my-lFN
expressing clones are expanded into 24 weU plates and then to 6 weU plates. Lysates are
prepared of each clone and analyzed for up-regulated MHC protein expression by Western

0 blot analysis. A clone, CT 26/nir-IFN, having up-regulated MHC protein expression is

selected. AU LLT studies are conducted usiitg the non-donal pool ofthe my-IFN expressme
LLTceUs.

^ Transduction ofPackaging Cell Line and Human Cell Lines with hy-TPM Retroviral

Vector

i Plasmid DNA Transfeerinn

Approximately 5.0 x 10* 293 2-3 ceUs are seeded at approximately 50%
confluence on a 6 cm tissue culture dish. The foUowing day, the media is replaced with 3 ml
fresh media 4 hours prior to transfection. At the time of transfection, 5 pi ofKT hy-IFN
plasmid is mixed with 2.0 ^g ML? G plasmid in O.lx Tris-EDTA, pH 7.4. A standaixl

calcium phosphate-DNA coprecipitation is perfonned mixing the DNA with a CaCI solution,

adding a Ix HEPES buflFered saline solution, 2M, pH 6.9, and incubating for 15 minutes at

room temperature. The calcium phosphate-DNA copredpitate is transferred to the 293 2-3

ceUs. which are then incubated overaigfat at 37<»C, 5% CO2. The foUowing morning, the

cells are rinsed 3 times in Ix PBS, pH 7.0. Fresh media is added to the cells, followed by
overnight incubation at 37»C in 10% CO2. The foUowing day. media is coUected from the
ceUs and passed through a 0.45 ^ filter. The filtered supernatant is stored at -70°C for use in

packaging ceU transductions.

ii. DA Transfection

Approximately 5.0 x lO^ HX ceUs are seeded at approximately 50%
confluence on a 6 cm tissue culture dish. The following day, the media is replaced with 4 ml
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ficsh media 4 hours prior to transfection. A standard calcium phosphate-DNA

coprecipitation is performed by mixing 2 jil, 6.0 pg, ofKT hy-IFN plasmid with a 120 ml 2M

CaCl solution, adding 240 ml ofa Ix HEPES buffered saline solution, pH 6.9, and incubating

for 15 minutes at room temperature. The calcium phosphate-DNA coprecipitate is

5 transferred to the HX cells, which are then incubated overmght at 37»C, 5% CO2. The

following morning, the cdls ate rinsed 3 times with Ix PBS, pH 7.0. Fresh vaedaa. is added to

the cells and followed by overnight incubation at 3TC, 10% CO2. The following day, the

media is collected offthe cells and passed through a 0.45 \i filter.

The pre\dous day, DA cells are seeded at 1.0 x 10^ cells/6 cm dish. 1 .0 ml of

10 the freshly collected HX supernatant is added to the DA cdls. The following day, G4 1 8 is

added to these cells and a drug resistant pool is generated over a 2-weelc period. The pool

of cdls is dihjtion cloned by adding 1.0 cdl to each well of 96 well plates. Twenty-four

clones are expanded to 24 well plates, then to 6 wdl plates. The cell supematants are

collected for titering and clones with titers of at least 5.0 x 10^ cfii/ml are sdected. A DA

1 5 clone is selected and designated DA/hy-IFN.

iii. Human Cdl Line Transductions

The following adherent human cdl lines are seeded at 5 x 10^ cells/lO cm

20 dish with 4 |ig/ml polybrene: HT 1080 (ATCC No. CCL 121); Hda (ATCC No. CCL 2);

143B (ATCC No. CRL 8303); Casld (ATCC No. CRL 1550). The following suspension of

human cell lines are seeded at 5 x 10^ cells/6 ml media with 4.0 |ig/ml polybrene: HL 60

(ATCC No. CCL 240); U937 (ATCC No. CRL 1593); CEM (ATCC No. CCL 119); Hut

78 (ATCC No. TIB 161); Duadi (ATCC No. CCL 213); K562 (ATCC No. CCL 243). The

25 following day, 1.0 ml of filtered supernatant from the DA hy-IFN pool is added to each of

the 10 cdl cultures. The next day, 800 jig/ml, G418 is added to the media of all 10 cell

cultures. The cultures are maintained until sdection is complete and sufiScient cdl numbers

are generated. Radioimmunopredpitation assay (RIPA) lysates are made of selected cultures

for analysis of hy-IFN expresaon. Specifically, the RIPA lysates are dectrophoresed on a

30 9% acrylamide gd and then transferred to Immdbilon™ membrane (Millipore, Philaddphia,

PA). The membrane is probed with an antibody against human MHC, W6/32 (Accurate

Chemicds, Westbury, NY), and an autoradiogram is performed. Up-regulation of MHC is

seen in Daudi, HL60; HeLa and Caski cell lines. FoUovring analysis these cdls are frozen -70

"C in preparation for of hy-IFN expression.
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iv. Human Melanoma Transductiffp

Melanoma ceUs lines DM6. DM92, DM252. DM265, DM262 and DM259
(cell lines established from human tumor biopsies, Seigler, Duke Univereity, NC) are

5 established from human tumor biopsies. Each ceU line is seeded at 1 0^ ceUs/1 0 cm dish with

4 tig/ni polybrene. The following day, 5-10 mis offikered supernatant from the DA hy-DFN
pool is added to each of the cell cuhures. This corresponds to a muItipUdty of infection

(MOI), of 5-10, The next day, the ceUs are selected with 800 fxg/ml of G418. Samples of
the supematants ofaU transduced cell lines are coUected. The supernatant is filtered through

« 0-45 fi filter and stored at

-70°C in prqjaration for analysis ofhy-IFN e}q)ression.

15

E. MHC Class I Expression

' Pet^rminfttion ofMouse MHC Class I E^fp»><5ion bv Westftm Blot Anah/ris

RIPA lysates are prq)ared from confluent plates of cells. Specifically, the

media is first aspirated offthe ceUs. Depending upon the size ofthe culture plate containing

20 the ceUs. a volume of 100 to 500 ^l ice cold RIPA lysis buffer (10 mM Tris, pH 7.4; 1%
Nonidet P40 (Calbiochem. San Diego. CA); 0.1% SDS; 150 mMNaCl) is added to the cdls.

Cells are scrapped fit>m plates using a micropipet and the mixture is transferred to a
microfiige tube. The tube is centrifuged for 5 minutes to precipitate ceUular debris and the
lysate supernatant is transferred to another tube. The lysales are electrophoresed on a 10%

25 SDS-polyacrylamide gel and the proton bands are transferred to an Immobilon™ membrane
in CAPS buffer (10 mM CAPS, pH 11.0; 10% methoanol) at 10 to 60 volts for 2 to 18

hours. The membrane is transferred from the CAPS buffer to 5% Blotto (5% nonfat dry
milk; 50 mM Tris, pH 7.4; 150 mM NaCl; 0.02% Na aade, and 0.05% Tween 20) and
probed with a rat IgM antibody, 72.14S (Richard Dutton, UCSD, San Diego. CA). This

30 antibody probe is directed against a conserved intraceUular region ofthe mouse MHC class I

molecule. Antibody binding to the membrane is detected by the use of ^25i.protein A.
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ii
Analysis ofMHC Fvpression inMM"*"^-

Tumor Cell Lines With and WUhput my-IFN

pi»tmviral Vector

MHC expression is confirmed by Western blot and flow cytometry analysis.

5 SpecificaUy, U3, CT 26, and LLT parent ceU lines express relatively normal levels ofMHC

class I protein and the B16F10 parent ceU tine has down-regulated levels ofMHC dass I

protein. The my-IFN-tiansduoed pools and dones ofthese cdl lines express greater levds of

MHC dass I than their coiresponding parent cdl fines which is demonstrated by Western

blot and flow cytometiy analysis. Western blot of lysates of various CT 26 my-IFN, LLT

10 my-IFN subdones, and the parent CT 26 and LLT ceU lines show up-regulated MHC class I

expression. A Western blot analysis of two U3 my-IFN subdones, two B16F10 my-IFN

subdones. parent L33 ceU line, and parent B16F10 cdl line iUustrates the up-regulated MHC

dass I ejq)ression of the my-IFN clones as compared to the parent ceUs. Figure 9. Flow

cytometry analysis ofL33 and twoU3 my-IFN subdones iUustrates that the subdones have

15 considerable more MHC dass I expressed on the surface as compared to the parent cells.

Flow cytometiy analysis is performed on harvested cdls. SpedficaUy, cdls are incubated

with an MHC dass I spedfic antibody 34.4 anti-D* antibody (Richard Dutton, UCSD, CA).

This bound antibody is detected by incubating the 34.4 anti-D* bound cells Avith fluoroscene

conjugated rabbit anti-mouse IgG antibody (Capdl, Durham. NC). Fluorescent emission

20 from the cdl bound antibody-fluorescence conjugate is detected and quantitated by flow

cytometry analyas.

F. HLA Class I and hy-IFN Expresaon in Transduced Human Melanomas

25

i. DPtermination ofHuman MHC fHl.A^ Class 1 Expreissipn

Ry Western Blot Analysis

HLA expression is determined essentially as described in Example 5E for

30 murineMHC except that the HLA Class I specific antibody W6/32 is used.

ii. Analysis and HT.A Expression In Human Melanomas

With and Witbn»t hv-IFN Rrtroviral Vector

35 DM92, DM252, or DM265 are treated with hy-IFN vector or hIL-2 as a

control for vector transduction. The dau in Figure 10 indicates that hy-IFN vector increases
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the level ofHLA compared with the non-transduced ceUs whereas, those transduced with

JL-2 did not. Transduction ofDM265 results in increased HLA even though there is little or

no hy-IFN secreted into the medhim.

hy-IFN is quantified by viral inhibition of encephalomyocarditis virus on a

5 human ceU line A549, ATCC CCL 185. The activity ofy-IFN is quantified by measuring the

protective efifect against cytoddal infection with encephalomyocarditis (EMC) virus. The
filtered supematants are added to the A549 ceUs at different concentrations and then tiie cells

are chaUenged with the EMC vims. Hy-IFN samples are co-assayed with the appropriate

NIH reference reagents, and the results are normalized to NTH reference units (U/ml)

10 (Brennan et aL. Biotechniques 7:78, 1983).

For melanoma cell lines the activity is determined by comparison with authentic NIH
reference reagents and normalized to NIH reference units (U/mL) (Brennan et aL. supra ).

Human melanomas transduced with the hy-IFN retroviral vector express readily detectable

levels of biologically active hy-IFN. This expression is often stable with time but sometimes

decreases witii time in culture. This time dependent decrease in hy-IFN may indicate that

expression of tiie gene is somewhat toxic, tiius resulting in a selective advantage for cells

expressing low levels ofhy-IFN.

G. Detennination ofmv-IFN Activity

The activity ofmy-IFN is quantified by measuring the protective effect against

cytocidal infection with encephalomyocarditis (EMC) virus. The mouse ceU Une 3T3TK-,
(NIAID Research Reference Reagem Note #28, November, 1983 edition.), is used to assay

for my-IFN. 3T3TK- ceUs are added to the wells of 96-well microtiter tissue culture plates.

When the cells reach confluency, serial dUutions of ceU culture supematants (test samples) to

be evaluated for U»e presence of interferon are appUed to the ceUs. After an incubation

period, tiie ceUs are challenged with the EMC virus. My-IFN samples are co-assayed with

the appropriate NIH reference reagents, and tiie results are normalized to NIH reference

units (U/ml) (Broinan et aL, siqmt ) Activities recorded for cell types CT 26 (Brittain. et

al.. Cancer 36:2441, 1975), BCIOME, LLT, and B16F10 are presented in Tables 1 and 2.
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Table 1

Y-IFN PRODUCTION IN VARIOUS BALB/C CELL LINES

5 CeU Tyi>e U/ml

CT26 3.5

CneiFNpool 3400

CT26 IFN clone #10 4500

10 BCIOME 22

BClOMEIFNpoo! 110

L33 <0.3

L33 -IFN 7.7

15 Tmblel

y-IFN PRODUCTION IN VARIOUS C57BL/6 CELL LINES

CeU Type U/mi

LLT <0.7

LLT IFN pool 82

LLT IFN #21 40

LLT IFN #28 2.1

LLT IFN pool tumor 21

LLT IFN pool Ig met 11

B16F10 <2.6

B16F10IFN#4 90

30 H. Stimulation of an Immune Response in Mice by Direct Injection ofRetroviral Vector

Experiments are performed to evaluate the ability of recombinant retroviral

vectors to induce expression of HTV env proteins following direct injection in mice.

Approximately 10^ to 10*7 cfii of a combination of the recombinant retrovirus carrying the

35 HIV UI B env encoding vector and the recombinant retrovirus carrying the hy-IFN encoding
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vector are injected twice at three weeic intervals either by the I P. or I.M. route. A separate

set ofmice are injected with 10^ to lO* cfii of the mvmBenv vector alone. Spleen ceUs

are prepared for CTL approximately 7 to 14 days after the second injection of vector and
CTL are restimulated in vitro using irradiated BC env stimulator cells as described above

5 (Example 2J). The results showed that direct vector injection ofthe HIV fflBewv vector

and ofthe combination stimulates the development ofCTL which kill BCewv target cells but

not control BC ceUs. However, the combination vector stimulates the CTL response at

lower doses ofHIV m B ewv vector. Thus, the injection of 10* to 10^ units of retrovirus

(an amount of vector that does not usually stimulate an immune response) may induce

10 expression ofHTV envelope in conjunction with local my-IFN production in the host which
thereby leads to the induction ofa specific CTL immune response.

The same procedure can be used in humans to potentiate the response to HTV
antigen by combination administration of 10^, 10^, 10* 10^ IQlo, or 10" cfu of HIV
recombinant retroviral vector or 106, lO^ lo*, 10^ 10", or 10" cfij of hy-IFN recombinant

15 retroviral vector.

I- Human and Non-Human Primate Administration Profofinl

Vector construct administration protocol for human and non-human primates

20 (e.g.. monkey and chimpanzee) is performed as described in Example 2G.

Examole 6

25 Administration ofRetroviral Vectors Eipressing GMCSF and TK

A. GMCSF Retroviral Vector Construction

The vertor p91023(BXATCC No. 39754) containing the cDNA for human
30 GMCSF is used as a template for the PGR. Two oUgonucleotides are syntiiesized by Bio-

Synthesis Inc. (Lewisville, TX) The first oligonucleotide is the sense sequence
corresponding to bases 29 to 54 ofGMCSF with two Xho I sites at tiie 5' end.

(SEQUENCE ID. NO. 16)

35 5'.GC CTC GAG CTC GAG GAG GAT GTG GCT GCA GAG CCT GCT G -3'
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The second oligonucleotide is the antisense sequence corresponding to bases 520 to 493 of

GMCSF with two Cla I sites at the 5* end.

(SEQUENCEID.no. 17)

5 5*-GCA TCG ATC GAT GTC TCA CTC CTG GAC TGG CTC CCA GCA -3*

Ten nanograms of template DNA is used in a PCR reaction with Vent

polymerase (New England Biolabs, Beverly MA) and the two oligonudeotides Nos. 47 and

36 as primers. The PCR product is <figested with Xho I and Cla I restriction enzymes and

10 ligated into Xho I- Cla I digested KT3 vector. This construct is designated pKT3-GMCSF.

Protein production from this vector is verified by ELISA (Biosource

International. Camarillo, CA ). Biological activity of this vector product is verified by the

colony formation assay of Kocffler and Gould {Science 200:1153, 1978) using KG-1 cells

(ATCC CCL 246). Ten |J samples are added to microtiter wells containing 400 KG-1 cells

15 in 140 ^il of Iscoves medium vnth 0.3% agar, 20% fetal calf serum, and 10-* M a-

thioglycerol. The assays are incubated at 3TK: for 14 days, and the number of colonies over

background is scored.

B. Constiuction of TK>1 and TK>3 Retroviral Vectors and Production of Vector

20 Particles

The vector TK-1 is constructed from the following fragments:

1. the 5 Kb Xho I/Hind HI 5* LTR and plasmid sequences are isolated

from p31N2R5(+).

2. HSVTK coding sequences lacking transcriptional termination

25 sequences are isolated as a 1 . 2 Kb Xho I/Bam HI firagment from pTKAA, and

3. 3' LTR sequences are isolated as a 1.0 Kb Bam Hi/Hind III fragment

frompN2R3(-).

These Augments were mbced, ligated, transformed into bacteria, and

individual clones identified by restriction enzyme analysis. This vector construct is

30 designated TK-l (Figure 10).

TK-3 was constructed by linearizing TK-1 with Bam HI, filling in the 5'

overhang and blunt-end ligating a 5 -fiUed Cla I fragment containing the bacterial lac UV5

promoter, SV40 early promoter, plus Tn5 Neo'' gene ( Figure 10). Kanamycin-resistant

clones were isolated and individual clones were screened for the proper orientation by

35 restriction enzyme analysis.
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These constructs were used to generate infectious recombinant vector

particles in con^cdon with a packaging cell line, such as DA as described above.

C. Tmnpr Growth Cvtotoxicitv Assays on r.T26 and CT26TK, CT26GMrSF. and thft

5 Combination ofCT26nc and gr26GMrSF

i. In ^m> Tumor fimiirth

In ordw to determine whether ganciclovir has an ^ect on the growth of
10 unmodified CT26 tumor ceUs (colon tumor 26, Brattain, Baylor CoUege of Medicine.

Houston, TX) in vivo, 2 groups of 7 mice are injected S C. with 2.0 x 10^ unmodified CT26
ceUs and 2 groups of 7 mice arc injected S.C. with 2.0 x 10^ CT26TK neo cells. Seven days
after tumor implantation, one group of CT26 injected mice and one group of CT26TK neo
injected mice are placed on a twice daily (AM and PM) legimen of I.P. ganciclovir at 62.5

1 5 mg/Kg. These mice are treated for 12 days or until the CT26TK neo injected animals have
no detectable tumor burden. Tumor growth is monitored over a three week period. Mice
injected with CT26 and treated with ganciclovir had tumors that were somewhat smaller than

untreated mice injected with CT26, indicating a smaU HSVTK-independent inhibition of
tumor growth (Figure 1 1). However, a dramatic decrease in tumor burden was observed if,

20 and only if, CT26 TK neo containing mice were treated with ganciclovir (Figure 11).

Similarly, the growth ofCT26 cells carrying GMCSF and/or GMCSF and TK (introduced in

combination) can be compared to the normal tumor.

25

»• //? Vivo Tran.sduction ofCT26 Tumor Tells bv TK-I and HMPSF

This experiment is designed to demonstrate that TK-3 veaor and the GMCSF
vector can deUver the HSVTK and GMCSF genes to target cells in vivo and inhibit tumor
growth in the presence of ganciclovir. Firstly, the effect TK-3 alone was examined. Six

groups of 10 mice are injected S.C. with 1.0 x 10* CT26 tumor cells. In addition, one group
30 of 10 mice is injected S.C. with 1.0 x 10* CT26TK neo ceUs as a control. The area of the

S.C. injection is circled with a water-resistant marker. Twenty-four hours after tumor
implantation, TK-3. GMCSF, or fi-gal viral supematants (0.2 ml total) formulated vwth

polybrene (4 ^g/ml) are injected within the area marked by the water-resistant marker.

Vector administration is continued for four consecutive days with one dose of vector per

35 day. Each vector dose contains 2.0 x 10* cfii/ml. The resuks are shown in Figure 1 1 The
data indicates that a substantial reduction ofgrowth ofCT26 occurred only when the animal
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was injected with both TK-3 and gandclovir. The level of inhibition was not as substantial

as that observed for CT26 TK neo in vitro transduced and selected presumably in due to less

than 100% in vivo transduction. Surprisingly, there was also a decrease in tumor growth

when treated with the control vector, CB-fi-gal and gandclovir. This may indicate some

5 inhibition of tumor growth due to the vector cell free supernatant itsel? added with the

previously observed small decrease caused by ganddovir alone (Figure 11). Regardless of

that observation, the average tumor aze is significantly smaller in the TK-3/ganddovir

treated animals than that ofthe CB-p-^oi/ganddovir treated animals (7 fold and 10 fold and

75.fold smaller, at the 14 and 21 day time points, re^ectively). Thus, it appears that in vivo

10 transduction by direct injection of HSVTK expresang retroviral vectors can resuh in

inhibition oftumor growth in combination with gandclovir administration.

The same experiment is repeated, only in this case, the directly administered

vector is a combination ofGMCSF and TK vector in q)proximately equal proportions. In

tiiis case, the regreswon of tumors with TK alone, GMCSF alone, and other controls are

15 included. The combination ofthe TK and GMCSF vertors, ^ves greater regression than any

of the other control treatments. The proportion and titer ofTK and GMCSF vector can be

varied from 1:10 to 10:1 and be 10*, 10^, 10^, 10?
, 10*, 10^ lO^o, or 10" cfii/ml to

provide more efficient tumor regression, dq>ending on the timing of the treatment, the tumor

burden, and the type oftumor modd.

20 A preferred preparation of the GMCSF vector is 3 : 1 .
Altemativdy, the TK

and GMCSF vector can be administered on alternate days. Twenty-four hours after the last

vector treatment, these mice are injected LP. twice daily (AM and PM) with ganddovir at

62.5 mg/Kg for 8 days. Finally, the mice recdve a single daily dose of gandclovir at 62.5

mg/Kg until the end of the experiment. Tumor growtfi is measured over a 4 week period

25 (Figure 11). The experiment is summarized in Table 3 below, with the predicted outcome.

The same procedure can be used in treating human tumors using combinations of a prodrug

vector such as KT-3 and a cytokine vertor such as the one encoding GMCSF, interferon,

IL2, and others. Vector is admiiustcred in Example 2Gn,

Tables

Group Innoculum Retroviral Gandclovir Tumor

Vector (65 mg/Kg) Growth

1 CT26 None

2 CT26 None +

3 CT26 TK-3

4 CT26 TK-3 + reduced

5 CT26 GMCSF +

6 CT26 GMCSF + +
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7 CT26 TK.3+GMCSF
8 CT26 TK-3 + GMCSF greatly reduced

9 CT26

10 CT26 Ago/ + +

11 CT26 TK-3 None +

None none

12 CT26 fi-gal None +

None +

13 CT26GMCSF None +

None + +

In addition to delivering a gene of interest in vivo using direct injection of

vector, mice are treated by injecting the vector producer cell line from a PCL such as DA
into, or around the tumor, or both. Varying numbers of irradiated of unirradiated vector

5 producer cells are injected with and without a polycationic reagent to improve transduction

efficiencies. Control mice can be injected with diluent D17 (ATCC No. CCL 183)

transduced with TK-3 and a CB-fi-ga! vector producing cell lines (VCL). After sufficient

time for in vivo transduction, approximately 2 weeks, ganciclovir injections commence and

efficacy is determined by tumor measurements and/or overall survival.

Eiample 7

Administration ofRecombinant Retroviral Vectors Expressing ILr-2 and y-IFN

15 A. Cloning ofhIL>2 into KT>3B

The method for cloning hIL-2 into KT-3B retroviral vector is essentially

identical to the procedure for cloning hy-IFN into KT-3B (Example 5B), with the exception

that different primers are required for amplification of the hIL-2 DNA sequence. The

20 following hIL-2 PCR primer sequences are used:

(SEQUENCE ID No. 18)

S^ATA AAT AGA AGG CCT GAT ATG-3'

This primer is complimentary to a sequence of the hIL-2 cDNA downstream

25 of the stop codon.
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(SEQUENCE ID No. 19)

5'-GC CTC GAG ACA ATG TAC AGG ATG CAA CTC CTG TCT-3'

This primer is the sense sequence of the hIL-2 gene complimentary to the 5'

coding region bepnning at the ATG start codon. The 5* end of the primer contains a Xho I

5 restriction site.

(SEQUEKCE ID No. 20)

5'-GA ATC GAT TTATCA AGT CAGTGT TGA GAT GAT GCT-3'

The primer is the anti-sense sequence ofthe hIL-2 gene complimentary to the

10 3' coding r^on ending at the TAA stop codon. The 5' end of the primw contdns the Cla I

restriction site.

B. Transduction ofPackaging Cdl Lines DA and Murine Tumor Cell Line B16F10

with nw-IFN and hIL-2 Retroviral Vector

15

20

30

Transductions of packaging cell line DA and murine tumor cell Une B16F10

with my-IFN and hIL-2 retroviral vectors were performed as described in Example 5C.

C. Tumori^enidtv ofB16F10 and BlfiFlO/mY-IFN #4 CeUs

Parental B16F10, a selected clone Bia^lO/my-IFN#4, and B16F10/hIL-2

cells are harvested, counted, and resuspended to a concentration of 8.0 x 10^ cells/ml in

Hanks buffered salt solution (BBSS, Irvine Scientific, CA). Two Black 6 mice are injected

I.V. with 0.5 ml of the B16F10 cell suspension (3.0 x 10' cells). Five Black 6 mice are

25 injected I.V. with 0.5 ml of the B16F10/my-IFN#4 cell suspension and five black 6 are

injected I.V. with 0.5 ml of B16F10/hIL-2 cell suspension. Fourteen days after injection, the

lungs are removed firom the mice, stained, and preserved in Bouin's Solution (Sigma, St.

Louis, MO). The four lobes of the lungs are separated, examined under lOx m^fication.

and the number ofblack tumors present on each is determined.

The average number of tumors per hmg for each group and the standard

deviation is measured to show the eflFects of the y-IFN vectors, IL-2 vector, and the

concentration ofvectors.
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D- Direct Administration ofVector into Tumor Bearing Anlmalg

i- Direct Administration ofVisctor into Mica

5 Mouse tumor systems may be utilized to show that cell mediated immune
nspons6s can be enhanced by diiect administration ofa vector construct which expresses at

least one anti-tumor agent. For example, sbc to dght week old female Balb/C or C57B1/6
mice are injected subcutaneously with 1 x 10^ to 2 x 10^ tumor cells which are allowed to

grow within the mice for one to two weeks. The resuhing tumors may be of variable size

10 (usually 1-4 mw? in vohune) as long as the graft is not compromised by other infection or

ulceration. One-tenth to two-tenths of a miUiliter of a vector construct w*ich expresses an

anti-tumor agent such as y-IFN, vector construct that expresses IL-2, or a combination of
both vectors (minimum titer !06 cfu/ml) is then injected mtratumorally (with or without

polybrene or promatine sul&te to inaiease efficiency of transduction). Multiple injections of
1 S the vector are given to the tumor every two to three days.

Dq>ending on the parameters of the particular experiment, the nature of the

vector preparations may be variable as well. The vector may be from filtered or unfiltered

supernatant from VCL, or may be processed further by filtration, concentration or dialysis

and formulation. Other standard purification techniques, such as gel filtration and ion

20 exchange chromatography, may also be utilized to purify the vector. For example, dialysis

can be used to eUminate y-IFN that has been produced by the VOL itself (and whic^ if

administered, may affect tumor growth). Dialysis may also be used to remove possible

inhibitors of transduction. Another option is to perform intratumor injections of the y-IFN

and IL-2 VCL, or a comlrination ofVCL's in order to more extensively introduce the vector.

25 Briefly, cells are injected after being spun down from culture fluid and resuspended in a

pharmaceuticaUy acceptable medium (e.g., PBS containing 1 mg/ml human serum albumin

^SA)). As few as 10* cells may be used within this aspect ofthe invention.

Efficacy of the vector construct may be determined by measuring the

reduction in primary tumor growth, the reduction in tumor burden (as determined by

30 decreased tumor volume), or by the induction of increased T-ceU activity against tumor

target cdls (as measured in an //i vitro assay system using lymphocytes isolated from the

spleens of these tumor bearing cells). In a metastatic murine tumor model, efficacy may also

be determined by first injecting tumor ceUs that are metastatic, and, when the tumor is 1-

4 mm3 in volume, injecting vector several times into that tumor. The primary tumor graft

35 may then be surgicaUy removed after 2-3 weeks, and the reduction in metastases to the

established target organ (hmg, kidney, liver, etc.) counted. To measure the change in
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metastases m a target organ, the organ nnay be removed, weighed, and compared to a non-

tumor bearing organ. In addition, the amount of metastases in the target organ may be

measured by counting the number of visible metastatic nodules by using a low powered

dissecting microscope.

5

ii. l^r^ Administmriftn ofVector into Humans

For bumans, the preferred location for direct administration of a vector

construct depends on the location of the tumor or tumors. The hy-IFN (Example SC), IL-2

10 gene, or other sequences which encode anti-tumor agents or combination of these agents

may be introduced directly into solid tumors by vector adnunistration. They may also be

delivered to leukemias, lymphomas or ascites tumors. For skin lesions such as melanomas,

the vector may be direcUy injected into or around the lesion. At least 10* cfii/per vector of

vector particles should be administered, with preferably more than lO^cfii in a

1 5 pharmaceutically acceptable formulation (e.g., 10 mg/ml lactose, 1 mg/ml HSA, 25 mM Tris

pH 7.2 and 105 mM NaCl). For internal tumor lesions, the efifected tumor may be localized

by X-ray, CT scan, antibody imaging, or other methods known to those skilled in the art of

tumor localization. Vector injection may be through the skin into internal lesions, or by

adaptations of bronchoscopy (for lungs), sigmoidoscopy (for colorectal or esophageal

20 tumors) or'intra-arterial or intra-blood vessel catheter (for many types of vascularized solid

tumors). The injection may be into or around the tumor lesion. The efficiency of induction

of a biological response may be measured by CTL assay or by delayed type hypersensitivity

(DTH) reactions to the tumor. Efficacy and clinical responses may be determined by

measuring the tumor burden using X-ray, CT scan, antibody imaging, or other methods

25 known to those skilled in the art oftumor localization.

30 Administration ofRetroviral Vectors Expressing Glucocerebrosidase and E3/19K

A. Construction ofKT-3B-GC

A glucocerebrosidase (GC) cDNA clone cont^ng a Xho I restriction

35 enzyme site 5' of the cDNA coding sequence and a Cla I restriction enzyme site 3' of the

cDNA coding sequence is first generated. The clone is generated by digesting pMFG-GC
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(Ohashi etaL. PNAS 89:11332, 1992. Noltae/o/.. Blood, 75:787, 1991) with Nco I (New
England Biolabs, Beverly, MA), blunted with Vent DNA polymerase, then Ugated with Xho
I linkers. The plasmid is then digested with Bam HI, blunted with Vent DNA polymerase,

then ligated to Cla I Hnkers. The fragment is then digested with Xho I and Cla I and ligated

5 in a three part Ggation in which the Xho I -Cla I GC fragment and the 1.0 Kb MoMLV 3'

LTR Cla I-Hind m fragment are inserted into the Xho I-Hind m site of pUC3I/N2R5gM
plasmid (Example 1). This constnict is designated KT-3B-GC.

B. Cloning ofE3/19K Gene into KJ.}^
10

i Isolation and Purification ofAdenovinis

The isolation and purification of adenovirus is described by Green et al.

(Methods in EnzymoJogy 58: 425, 1979). Specifically, five liters of Hela cells (3-6.0 x 10^

15 cells/ml) are infected with 100-500 plaque forming units (pfij) per ml of adenovirus type 2
(Ad2) virions (ATCC No. VR.846). After incubation at 37»C for 30-40 hours, the ceUs are

placed on ice, harvested by centrifiigation at 230 xg for 20 minutes at 4»C, and resuspended
in Tris-HCI buffer (pH 8.1). The peUets are mechanically disrupted by sonication and
homogenized in trichlorotrifluoroethane prior to centrifiigation at 1.000 xg for 10 min. The

20 upper aqueous layer is removed and layered over 10 mis of CsQ (1.43 g/cm' ) and
centrifiiged in a SW27 rotor for 1 hour at 20.000 rpm. The opalescent viral band is removed
and adjusted to 1.34 g/cm^ with CsCl and fijrther centrifiiged in a Ti 50 rotor for 16-20

hours at 30.000 rpm. The visible viral band in the middle of the gradient is removed and
stored at 4''C until purification ofadenoviral DNA.

25

ii- Isolation and Purificatipn ofAdennvims Tf^A

The adenovirus band is incubated with protease for 1 hour at 37*C to digest

proteins. After centrifiigation at 7,800 xg for 10 minutes at 4"C, the particles are solubilized

30 in 5% SDS at room temperature for 30 minutes before being extracted with equal volumes of
phenol. The upper aqueous phase is removed, re-extracted with phenol, extracted three

times with etfier. and dialyzed in Tris buffer for 24 hours. The viral Ad2 DNA is precipitated

in ethanol, washed in ethanol, and resuspended in Tris-EDTA buffer (pH 8.1).

Approximately 0.5 mg of viral Ad2 DNA is isolated fix>ra vinis produced in 1 .0 L ofcells

35
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iii. Tsnlatinn ofE3/19K Gene

The viral Ad2 DNA is digested with EcoR I and separated by electrophoresis

on a 1% agarose gel. The resulting 2.7 Kb Ad2 EcoR I D fragments, located in the Ad2

5 coordinate region 75.9 to 83.4, containing the E3/19K gene (Herisse et al.. Nucleic Adds

Research 5:2173, 1980, CUularas ei aL. Virology 140-2%, 1985) are eluted by

electrophoresis, phenol extracted, ethanol predpitated, and dissolved in Tris-EDTA (pH

8.1).

10 iv. rinning ofE3/19K Gene into KT-3B

The E3/19K gene is cloned into the EcoR I site of PUC1813. PUC1813 is

prepared as essentially described by Kay et al. {Nucleic Acids Research 15:211%, 1987) and

Gray et al. (PNAS 50:5842, 1983). The E3/19K is retrieved by EcoR I digestion and the

1 5 isolated fragment is cloned into the EcoR I ate of phosphatase-treated pSP73 plasmid. This

construct is designated SP-E3/19K. The orientation of the SP-E3/19K cDNA is verified by

using appropriate restriction enzyme digestion and DNA sequencing. In the sense

orientation, the 5' end ofthe cDNA is adjacent to the Xho I site of the pSP73 polylinker and

the 3' end adjacent to the Cla I ate. The Xho I-Cla I fragment contaimng the E3/19K cDNA

20 in either sense or antisense orientation is retrieved from the SP-E3/19K construct and cloned

into the Xho I-Cla I site of the KT-3B retroviral. This construct is designated KT-

3B/E3/19K.

C. Cloning ofPGR Amplified E3/19K Gene into KT-3B

25

i. PCR Ampllfic;»tion nfE3/19K Gene

The Ad2 DNA E3/19K gene, inducfing the amino temunal signal sequence,

followed by the intraluminal domun and carboxy temunal cytoplasmic tail which allow the

30 E3/19K protein to embed itself in the endoplasmic reticulum (ER), is located between viral

nucleotides 28,812 and 29,288. Isolation of the Ad2 E3/19K gene from the viral genomic

DNA is accompli^ed by PCR amplification, with the primer pair shown below:

The forward primer corresponds to the Ad2 nucleotide sequences 28,812 to 28,835.

35 (SEQUENCE ID No. 21)

5'-TATATCTCCAGATGAGGTACATGATTTTAGGCTTG-3'
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The reverse primer correqx)nds to the Ad2 nucleotide sequences 29,241 to 29,213.

(SEQUENCE ID No. 22)

5'-TATATATCGATTCAAGGCATTTTCTTTTCATCAATAAAAC-3*

5 In addition to the Ad2 complementaiy sequences, both primers contain a five

nucleotide "buffer sequence" at their S' ends for efiSdent eazyme digestion of the PCT
amplicon products. This sequence in the forward primer is followed by the Xho I

recognition site and by the Cla I recognition site in the reverse primer. Thus, in the 5* to 3'

direction, the E3/19K gene is flanked by Xho I and Cte I recognition sites. Amplification of

1 0 the E3/19K gene ft^om Ad2 DNA is accomplished with the followingPCR cycle protocol:

Temperature'C Time (min) No. Cycles

94 2.0 1

94 0.5

55 0.17 5

72 3.5

94 0.5 30

70 3.5

72 10.0 10

ii. Ligation ofPCR Amplified E3/19K Gene into KT-1R

^5 The E3/19K gate fiom the SP-E3/19K construct, approximately 780 bp in

length, is removed and isototed by 1% agarose/lBE gel electrophoresis. The Xho I-Cla I

E3/19K finagment is then ligated into the KT-3B retroviral backbone. This construct is

designated KT-3B/E3/19K. It is amplified by transformuig £. coli , DH5 alpha bacterial

strain (Bethesda Research Labs, Gaithersburg, MD) with the KT-3B/E3/19K constnict.

20 Specifically, the bacteria is transfomied with 1-100 ng of ligation reaction mbcture DNA.
The transformed bacterial cells are plated on LB plates containing ampicillin. The plates are

incubated overnight at 37"'C, bacterial colonies are selected and DNA prepared fi-om them.

The DNA is digested with Xho I and Cla I. The expected endonuclease restriction cleavage

fi-agment sizes for plasmids containing the E3/19K gene are 780 and 1,300 bp.
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D. Transduction ofPaclcaging Cell Line DA with the Recombinant Retroviral Vector

S i. PlaynidDNA TrawfWtiQn

293 2-3 ccUs (a ceU line derived from 293 ceUs ATCC No. CRL 1573, (WO

92/05266) 5.0 x 10^ cells are seeded at approximately 50% confluence on a 6 cm tissue

culture dish. The following day, the media is replaced with 4 ml fresh media 4 hours prior to

10 transfectioa A standard caldum phosphate-DNA coprecipitation is performed by mixing

10.0 \ig ofKT-3B/E3/19K plasmid and 10.0 \ig MLP G plasmid with a 2M CaCb solution,

adding a Ix HEPES buffered saline solution, pH 6.9, and incubating for IS minutes at room

temperature. The caldum phosphate-DNA copredpitate is transferred to the 293 2-3 cells,

which are then incubated overnight at 37''C, 5% CO2. The following morning, the cells are

15 rinsed three times in Ix PBS, pH 7.0. Fresh media is added to the cells, followed by

overnight incubation at 37^C, 10% CO2. The following day, the mecfia is collected ofif the

cells and passed through a 0.45 \k filter. This supernatant is used to transduce packaging and

tumor cell lines. Transient vector supernatant for other vectors are generated in a similar

fashion.

20

ii. Packaging Cell Line Transduction

Packaging cell line transduction is performed as described in Example 2Bv.

25

iii. Detection OfReplication Competent Retroviruses

Detection of rq>lication competent retroviruses is performed as described in

Example 2C

30

E. Transduction of Cell Lines with the Recombinant Retroviral Vector KT>

3B/E3/19K

The following adherent human and murine cell lines are seeded at 5x10^

35 cells/lO cm dish with 4 fig/ml polybrene: HT 1080, Hela, and BCIOME. The following day,

LO ml of filtered supernatant from the DA E3/19K pool is added to each of the cell culture
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plates. The following day, 800 ng/ml G418 is added to the media of all cell cultures. The

cultures are maintained untfl selection is complete and sufficient cell numbers are generated

to test for gene expression. The transduced cell lines are designated HT 1080-E3/19K, Hela-

E3/19K and BC10ME-E3/19K, respectively.

S EBV transfonned cell lines (BLCL), and other suspension cell lines, are

transduced by co*cultivation with irradiated producer cell line, such as DA-E3/19K.

Spedficaliy, irradiated (10,000 rads) producer line cells are plated at S.O x 10^ cdls/6 cm
dish in growth media containing 4 pg/ml polybrene. After the cells have been allowed to

attach for 2-24 hours, 1.0 x 10^ suspension cells are added. After 2-3 days, the suspwision

10 cdls are removed, pelleted by centrifugation, resuspended in growth media contaming

Img/ml G418, and seeded in 10 wells of a round bottom 96 well plate. The cultures were

expanded to 24 well plates, then to T-2S flasks.

F. Expression ofE3/I9K in the Recombinant Retroviral Vector Construct KT3B>

15 E3/19K

i. Western Blot Analysis

RIPA lysates are made firom selected confluent cell cultures for analysis of

20 E3/19K expression. Specifically, the media is first aspirated oflF the cells. Depending upon

the size of the culture plate containing the cells, a volume of 100 to 500 jil ice cold RIPA
lysis buffer (10 mM Tris, pH 7.4; 1% Nonidet P40; 0.1% SDS; 150 mM NaCl) is added to

the cells. Cells are removed fi-om plates and the mbcture is transferred to a microfuge tube.

The tube is ccntrifiiged for 5 minutes to precipitate cellular debris and the supernatant is

25 transferred to another tube. The supematants are electrophoresed on a 10% SDS-

polyacrylamide gel and the protein bands are transferred to an Immobilon membrane in

CAPS buffer (10 mM CAPS, pH IhO; 10% methanol) at 10 to 60 volts for 2 to 18 hours.

The membrane is transferred fi^om the CAPS buffer to 5% Blotto (5% nonfat dry milk; 50

mM Tris, pH 7.4; 150 mM NaCl; 0.02% Na azide, and 0.05% Tween 20) and probed with a

30 mouse monoclonal antibody to E3/19K (Severinsson ei aL, 1 Cell Biol 707:540-547,

1985). Antibody binding to the membrane is detected by the use of ^^^--^Tox^m A,
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G. Expression ofKT3B-GC And KT3B>E3/19K Recombinant Retroviral Vector

Constructs in Animal Models

i. Murine CTL Assay

5

KT3B-GC and KT3B-E3/19K vectors are injected individually or mixed

together and compare the CTL responses. The E3/19K CTL response to GC is negBgible

whDe the mixed GC and E3/19K response is less than the administration of the GC vector

alone.

10 Balb/c mice are mjected with 1.0 x 10^ to 5.0 x 10"^ cfii of single or

combinations of vectors. After 7 days, the spleens are harvested, dispersed into single cell

suspension and 3.0 x 10^ splcnocytes/ml are cultured in vitro with 6,0 x 10^ cells/ml

irradiated BC-GC or BC-GC-E3/19K ceUs for 7 days at 37^0 in T-25 flasks. BC-GC cells

are BCIOME cells transduced with the KT3B-GC vector. BC-GC-E3/19K are BCIOME

15 mouse fibroblasts transduced with the KT3B-GC vector and the KT3B-E3/19K vector.

Culture medhmi consists ofRPMI 1640; 5% FBS; 1 mM pyruvate; 50 ^g/ml gentamicin and

10-5 14 p.2-mercaptoethanol. Effector cdls are harvested 7 days later and tested using

various eflfectorrtarget cell ratios in 96 weO microtiter plates in a standard 4-6 hour assay.

The assay employs Nai^^CrO^abeled, lOOjiCi, 1 hour at 37X, with target cells EC,

20 BCenv, (Warner et al., AIDS Res. andHuman Retramruses 7:645, 1 99 1 ), or BCenv E3/ 19K

at 1.0 X 10^ cells/well with the final total volume per well of 200 jil Following incubation,

100 M-l of culture medium is removed and analyzed in a WALLAC gamma spectrometer

(Gaithersburg, MD). Spontaneous release (SR) is determined as counts per minute (CPM)

CPM fi^om targets plus medium and maximum release (MR) is determined as from targets

25 plus IM HCL Percent target ceU lysis is calculated as: [eflfector cell + target CPM) -

(SR)]/[(MR) - (SR)] X 100. Spontaneous release values of targets are typically 10%-30% of

the MR. Cells expressing GC or GC plus E3/19K are used as stimulator and/or target cells

in tlus assay to demonstrate the reduction of GC-specific CTL induction and detection v^th

E3/19K expressing cells as compared to the (3C expressing line which is the positive control.

30

H. Tumor Rejection of L33GC Cells bv Balb/C Mice is Abrogated when Class I

Molecule Surface Expression is Decreased bv the E3/19K>Vector Transduction.

The L33GC ceU is being employed as a model for gene therapy treated

35 transformed cells. Gene therapy treated cells produce a foreign protein making them

possible targets for clearance by CTL. It has been demonstrated that Balb/c mice injected
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with live L33 tumor cells will develop a solid tumor identifiable by caliper measurement

within three weeks post-exposure. However. Balb/c mice injected with live U3GC
transfonned tumor cells (U3 ceUs transfonned with the KT3B-GC vector and selected for

the GC protein) recognize GC protein in the context ofMHC class I and reject the tumor

5 cells with no apparent tumor up to 15 weeks later. Transformation ofU3GC cells with the

E3/19K vector decreases cell surfice expression ofMHC chiss I molecules allowing these

cells to evade immune surveillance and thereby establish a tumor. Development of an

L33GC-E3/19K tumor indicates that cell surfece expression ofMHC class I molecules has

been decreased by co-transdudng cells with the E3/19K gene. This impedes optimal immune
10 system clearance mechanisms.

Three tumor ceO lines L33, L33GC, and L33GC-E3/19K are grown in

DMEM containing 10% EBS. The tumor cells are gently rinsed with cold (4°C) PBS and

treated with Versene to remove them from the plate. After aspirating cells from plates,

single cell suspensions are added to sterile plastic tubes. Cell suspensions are washed two
15 times in sterile PBS (4«C), counted and resuspended in PBS to 1.0 x 10^ cells/ml. Four to

six week old Balb/c mice are injected subcutaneous with 1.0 x 10« live tumor cells (0.1 ml)

and assessed for tumor formation and tumor clearance. Different mice are injected with

different tumor cell lines. Mice injected with L33 cells are positive control animals for tumor
formation while those injected with L33GC are negative controls and should therefore reject

20 the tumor ceUs because of the env specific CTL response. The group of mice injected with

E3/19K-transfonned, L33GC cells are monitored to show the effect that E3/19K expression

in L33env cells has on the murine immune response to these tumor cells.

I- Ex-Vivo Administration ofa Glucocerebrosidase Retroviral Vector

25

Pluripotent hematopoetic stem ceUs, CD34+, are collected from the bone
marrow of a patient by a syringe evacuation performed by known techniques. Alternatively,

CD34+ cells may also be obtained from the cord blood of an mfant. Generally, 20 bone-

marrow aspirations are obtained by puncturing femoral shafts or from the posterior iliac crest

30 under local or general anesthesia. Bone marrow aspirations are then pooled and suspended

in HEPES-buffered Hanks' balanced salt solution containing heparin sulfate at 100 U/ml and

deoxyribonuclease I at 100 pg/ml and then subjected to Ficoll gradient separation. The bufify

coated marrow cells are then collected and washed according to CEPRATE LC (CD34)
separation system (CeUpro. Bothell, WA). The washed buffy coated ceUs are then stained

35 sequentially with anti-CD34 monoclonal antibody, washed, and stained with biotinylated

secondary antibody supplied with the CEPRATE system. This cell mixture is loaded onto
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the CEPRATE avidin column. The biotin-labeled cells are adsorbed onto the column while

unlabeled cells pass through. The column is rinsed according to the CEPRATE system

directions and CD34+ cells eluted by agitation of the column by manually squeezing the gel

bed. Once the CD34-»" cells are purified, the stem cdk are counted and plated at a

5 concentration of 1.0 x 10^ ccUs/ml in Iscove*s modified Dulbecco's medium, IMDM (Irvine

Scientific, Santa Ana. CA) containing 20% pooled non-heat inactivated human AB serum

(hAB).

After purification, several methods of transforming CD34+ cells may be

performed. One approach involves transduction of the purified stem cell population with

10 vector containing supernatant cultures derived fi-om vector producing cells. A second

approach involves co-cultivation of an irradiated monolayer of vector producing cells with

the purified population of non-adherent CD34+ cells. A third and preferred approach

involves co-cultivation with purified CD34+ cells which are pre-stimulated with various

cytokines and cultured 48 hours prior to the co-cultivation with the irradiated vector-

1 5 producing cdlls. Pre-stimulation prior to transduction increases eflFective gene transfer (Nolta

etaL, Exp. HemaioL 20:1065, 1992). The increased level of transduction is attributed to

increased proliferation of the stem cdls necessary for efficient retroviral transduction.

Stimulation of these cultures to proliferate also provides increased cell populations for re-

infiision into the patient.

20 Pre-stimulation of the CD34+ cells is performed by incubating the cells with a

combination of cytokines and growth factors which include IL-1, IL-3, IL-6 and mast cell

growth factor (MGF). Pre-stimulation is performed by culturing 1.0 x 10^ to 2.0 x 10^

CD34+ cells/ml of medium in T25 tissue culture flasks containing bone marrow stimulation

medium for 48 hours. The bone marrow stimulation medium consists ofIMDM containing

25 30% non-heat inactivated hAB serum. 2mM L-glutamine, 0.1 mM 2-mercaptoethanol, 1 nM

hydrocortisone, and 1% ddonized bovine serum albumin. All reagents used in the bone

marrow cultures are screened for their ability to support maximal numbers of granulocyte

erythrocyte macrophage megakaryocyte colony-forming units firom normal marrow. Purified

recombinant human cytokines and growth factors (Immunex Corp., Seattle, WA) for pre-

30 stimulation should be used at tiie following concentrations: £. co//-derived IL-1a (100

U/ml). yeast-dcrived IL-3 (5 ng/ml), IL-6 (50 U/ml), and MGF (50 ng/ml) (Anderson et aL,

Cell Growth Differ. 2:373, 1991).

After pre-stimulation of tiie CD34+ cells, they are transduced by co-

cultivating on the combined irradiated DA-based producer cell lines, expressing; (1) the

35 KT3B-GC therapeutic vector, (2) the KT3B-E3/19K vector, in the continued presence of

the stimulation medium. The DA vector producing cell lines are first trypsinized, irradiated
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using 10,000 reds and replated at 1.0 x 10^ to 2.0 x lO^/ml of bone mairow stimulation

medium. The foUowbg day, 1.0 x 10^ to 2.0 x 10^ prestimulated CD34+ cells/ml are added

onto the DA vector produdng cdl line monolqrer followed by polybrene to a final

concentration of4 fig/ml. Co-cultivation ofthe ceDs is perftmned for 48 hours. After co-

5 cultivation, the CD34+ ceUs arc coUected from the adherent DA vector producing cell

monolayer by vigorous flushing with medium and plated for 2 hours to allow adherence of
any dislodged vector producing cells. The cdls are Hien collected and expanded for an

additional 72 hours. The cells are coUected and frozen in liquid nitrogen using a ciyo-

protectant in aliquots of 1.0 x 10^ ceUs per vial. Once the transformed CD34+ cells have

10 been tested for the presence of adventitious agents, frozen transformed CD34+ cells may be

thawed, plated to a concentration of 1.0 x 10^ cells/ml and cultured for an additional 48

hours in bone marrow stimulation medium. Transformed cells are then collected, washed

twice and resuspended in normal saline. The number oftransformed cells used to infuse back

into the patient per infusion is projected to be at a minimum of 1.0 x 10'' to 1.0 x 10* cells

1 5 per patient per injection. The site ofinfiiaon may be directly into the patients bone marrow
or into the peripheral blood stream. Patioits receiving autologous transduced bone marrow
cells may be either partially or v^ole body irradiated, to dqilete existing bone marrow
populations. Assessment of treatment may be performed at various time points, post

infijMon, by monitoring glucocerebrosidase activity in diflFerentiated cell types and for length

20 of expression. At the point when expression decreases or is non-existent, transformed

autologous cdls may be re-injected into the patient.

J. Allogeneic Marrow Grafts

25 i. Remove Bone Marrow from C3H (H-l^ and Balb/C fH-2d->

Mouse femurs are dissected and exposed. The bone marrow plugs are

removed using a number 23 gauge needle and syringe. The marrow is collected and

resuspended in Hank's balanced salt solution (Mauch et al, PNAS 77:2927, 1980)

30

u- Transduction ofMarrow Cells with KT3B-E3/19K and KT3B-GC Retroviral

Vector

Marrow cells are prepared by centrifugation and resuspension in 1.0 ml

35 DMEM and 10% FBS containing KT3B-E3/19K and KT3B-GC veaors. The marrow cells

and KT3B-E3/19K and KT3B-GC retroviral vector is incubated for 4 hours at
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SS^C in 9 mis of Fischer's medium supplemented with 25% donor horse serum and 0.1 mM

hydrocortisone sodhmi sucdnate. After 24 hours, the marrow cells are washed and

resuspended in HBSS at 2.0 x 10^ cdls/ml for injection.

S iii. TnfcctiQn ofMarrnw Cells into Mice

The C57BL/6 ^86, mice are irradiated wth 700 rads of gamma

irradiaticm just prior to injection. Two groups ofB6 mice are injected intravenously with 0.5

ml of C3H marrow cdb. After 5 d^ the mice are agun irradiated with 700 rads and

10 injected I.V. with 0.5 ml of other vector-transduced C3H marrow cells or untreated C3H

marrow cells. Lethally irradiated naive B6 mice are injected I.V. with 0.5ml (1.0 x lO^) of

C3H bone marrow cells for the positive control and 0.5ml (1.0 x lO^) of Balb/c bone

marrow cells for the negative control Results from such expoiments are shown below.

RECIPIENT 1" 2^ RESULT (MARROW GROWTH)

B6(H.2b) Balh/c(H-2d)

B6(H-2»>) C3H(H-2k) +

B6(H-2'') C3H C3H

B6ai-2<'> C3H C3H-E3/19K +

15

iv. Fvaluation ofGraft Rejections

The bone marrow graft rejections arc evaluated 5 days following injection by

20 either ofthe two methods:

a. After sacrifidng the nrice, the spleens are removed and placed into 10%

formalin. Spleen colorues are counted and recorded.

25 b. Mice are injected with FUdR (Sigma, St. Louis, MO) and 30 minutes later

with 125i.iudR (Amersham, Arlington Height, IL). After 18 hours the

incorporation of i^Si.njdR is determined in spleen colonies. The value of

incorporated radioactivity determined in the syngeneic growth control is

arbitrarily set at 100 U, and all values in the experimental groups are

30 normalized relative to this control. Animals with 10 U show no visible spleen

colonies, whereas anunals with 50 to 100 U have greater than 200 spleen
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20

colonies. Animals that show less than 10 U are considered to express strong

rejection. Those with 10 to 30 U are considered to express weak iqection,

while those with greater than 30 U show no significant rgection.

^ Injection ofMarrow Cells Directly into Ryny

Ahematively, the vector may be deUvered directly to the mairow of mice using a
device such as a HamUton syringe. The doses would be equivalent to those used in Example
2Gii. In humans, bone marrow may be directly injected using commercially avaOable devices
such as the First-Med™ osseous autoinjector (Life Quest Medical. San Amonio. TX).
Doses would be 0.1 to 5.0 ml of material at 105 to 10' cfii/ml in a suitable excipient (e g...

lactose (40 mg/ml), human senmi albumin (1 mg/ml) and Tris (1 mM) pH 7.2 - 7.5).

Evaluation ofGC Gene E^tp^«Mep^^l^

The response of the mice against human GC can be evaluated by CTL assays
as described above. Human GC expression itself can be monitored by the
immunohistochemical procedure as described by KraU et al., (Blood 83: 2737, 1994) using
cryosections and a human monodonal antibody to GC.

10

15

EXAMPLES

Administration ofAdenoviral Vector Expressing HBV core Antigen and a Retroviral

Vector Expressing HTV

^ Gentfation ofRecombinant Adenoviral Vectors

Approximately 1.0 pg ofpAdMl-HBe linearized with Cla I is mixed with 1 .0

Mg of Cla I cleaved Ad5delta el delta E3 viral DNA (Gluzman et al. in Eucaryotic Viral
Vectors, pp. 187-192. Cold Spring Hariwr. 1982). ThisDNA mixture is transfected onto 5-

6 X 105 293 cells in 60 mm diameter dishes using 7 pi of lipofectamine (BRL. Gaithersburg.
MD) in 0.8 ml ofOpti-MEM™ I Reduced Serum Medium (BRL. Gaithersburg. MD). One

35 milliliter ofDMEM media with 20% FBS is added after 5 hours and DMEM media with
10% FBS is replenished the following day. After the appearance of cytopathic effects
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(CPE), at ai^roximately 8-10 days, the culture is harvested and the viral lysates are

subjected to two rounds of plaque purification. Individual \dral plaques are chosen and

amplified by infecting 293 cells in 6 weU plates at a ceU density of 1 x 105 cells per well.

Recombinants are identified by Southern analysis of viral DNA extracted firom infected cells

5 by the Hirt procedure (Hirt, B. J. MolBioL. 26.365-69, 1967). After positive identification,

the recombinant vims is subjected to two additional rounds ofplaque purification. Titers are

determined by plaque assay as described in Graham etaL (7. Gen. Virol. 35:59-72, 1977).

Viral stocks are prqured by infecting 2 x 10^ confluent 293 cells in 60 mm diameter dishes

at a multiplicity of 20 pfij/cdl. All viral preparations are purified by CsCl density

10 centrifiigation (Graham and Van der Elb, Virol. 52:456-457, 1973), dialyzed, and stored in

10 mM Tris-HCl (pH 7.4), 1 mM MgCh at 4X for immediate use, or stored with the

addition of 10% glycerol at -70'C.

B. Infection with Recombinant Adenoviral Vector

15

Subconfluent monolayers of L-M(TK-) cells (approximately 10^ cells)

growing in 35 mm dishes are infected with recombinant HBV core adenovirus vectors fi-om

Example 9A above at a multiplidty of 100 pfii/cdl. One hour after adsorption at 37'*C, the

virus inocula is removed and DMEM supplemented with 2% FBS is added. Thirty to forty

20 hours after infection, when pronounced CPE is observed, cdl extracts are harvested and

assayed for expression.

C. Administration into Kfice. Humans, and Non-Human Primates

25 i. Direct Vector Administration and Mouse CTL Assavs

The mouse system may also be used to evaluate the induction of humoral and

ceU-mediated immune responses with direct administration ofvector encoding HBV core or

HTV antigen. Briefly, sbc- to dght-week-old female Balb/C, C57B16, or C3H mice are

30 injected I.M., LD., or S.C. with 0.1 ml of unpurified liquid or reconstituted 10^ - lO^l pfu

lyopWlized HBV core Adenoviral vector and/or 10^ - 10^ cfii HIV antigen expressing

retroviral vector (Example 3). The vectors are injected individually or mixed and

administered together. Two injections are pven one week apart. Seven days after the

second injection, the animals are sacrificed. Chromium release CTL assays are then

3 5 performed as described in Example 2Hi.
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ii. Measurement ofImmung Respr>nsi>

Humoral and ceUular responses in mice, humans, and non-human primates are

measured as desoibed in Example 21

5

iii- Human and Non-ftiman Primate Administration Protocol

Vector constnict admiustration protocol for human and non-human primates

is performed essentially as described in Example 2G.

10

iv. Human and Chimpanzee AdnMnigtratinn Protocnl

The data generated in the mouse system above is used to determine the

protocol of administration of vector in humans or chimpanzees chronically infected with

15 HBV and/or HIV-1, Based on the induction of HBV-specific CTL in mice, the subjects in

human or chimpanzee trials receive three doses of vector encoding core antigen at 28 day

intervals given in two successively escalating dosage groups. Control subjects receive a

placebo comprised ofHBV core adenoviral vector formulation media. The combined dosage

is either 10^. 106, lO^. 10« .109 .
lOW. lO" cfii ofthe HBV core adenoviral vector and 10^,

20 107 io8 or 10' cfii of the HIV vector given each in four 0.5 ml injections I.M. on each

injection day. Injections are administered 2 to 4 weeks apart. Blood samples will be drawn
on days 4, 12, 24, 36, 52, 70 and 84 and months 6, 12. 18. 24, 30. and 36 in order to

measure serum ALT levels, the presence ofHBV core antigen, the presence of antibodies

directed against the HBV core antigen and to assess safety and tolerability of the treatment.

25 Efficacy of the induction ofCTL against HBV core can be determined as in Example 12A iii.

30

EXAMPLE 10

Preservation ofA Recombinant Retrovirus

A. Lactose Formulation ofa Recombinant Retrovims

Crude recombinant retrovirus is obtained from a Celligan bioreactor (New
Brunswick, New Brunswick, NJ) containing DA cells transformed with the recombinant

35 retrovirus bound to the beads of the bioreactor matrix. The cells release the recombinant

retrovirus into the grovrth media that is passed over the cells in a continuous flow process.
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The media exiting the bioreactor is collected and passed initially through a 0.8 micron filter

then through a 0.65 micron filter to clarify the crude recombinant retrovirus. The filtrate is

concentrated utilizing a cross flow concentrating system (Filtron, Boston, MA).

Approximately 50 Units of DNase (Intcrgen, New York, NY) per ml of concentrate is

5 added to digest exogenous DNA. The digest is diafiltrated using the same cross flow system

to 150 mM NaCI, 25 mM tromethamine^ pH 7.2. The diafihrate is loaded onto a Sephadex

S-500 gel column (Pharmacia, PiscaUway, NJ), equilibrated in 50 mM NaCl. 25 mM
tromethamine, pH 7.4. The purified recombinant retrovirus is eluted firom the Sephadex S-

500 gel column in 50 mMNaCl, 25 mM tromethamine, pH 7.4.

10 The formulation buffer containing lactose was prepared at a 2X concentrated

stock solution. The formulation buffer contains 25 mM tromethamine, 70 mM NaCl,

2 mg/ml arginine, 10 mg/ml HSA, and 100 mg/ml lactose in a final volume of 100 mis at a

pH7.4.

The purified recombinant retrovirus is formulated by adding one part 2X

15 lactose formulation buffer to one part S-500 purified recombinant retrovirus. The

formulated recombinant retrovirus can be stored at -70X to -SO^^C or dried.

The formulated retrovirus is lyophilized in an Edwards Refiigerated Chamber

(3 ShelfRC3S unit) attached to a Supermodulyo 12K fi-eeze dryer (Edwards High Vacuum,

Tonawanda, NY). When the freeze drying cycle is completed, the vials are stoppered under

20 a vacuum foUowing a slight nitrogen gas bleeding. Upon removal, vials are crimped with

aluminum seals.

In the given lactose study, formulated liquid product was stored at both -SO*"

C and at -20°C cycling freezer. In Figure 12 viral infectivity of these samples were

compared to the viral infectivity of lyophilized samples. The lyophilized samples were stored

25 at -20'*C, refrigerator temperature and room temperature. Activity of the samples upon

reconstitution are determined by titer assay.

The lyophilized recombinant retrovirus is reconstituted with 1.0 ml water.

The infectivity of the reconstituted recombinant retrovirus is determined by a titer aaivity

assay. The assay is conducted on HT 1080 fibroblasts or 3T3 mouse fibroblast cell line

30 (ATCC No. CCL 163). Specifically, 1 x 10^ cells are plated onto 6 cm plates and incubated

overnight at 37**C, 10% CO2. Ten microliters of a dilution series of reconstituted

recombinant retroviruses are added to the cells in the presence of4 ^ig/mL polybrene (Sigma,

St. Louis, MO) and incubated overnight at 37°C, 10% CO2. Following incubation, cells are

seleaed for neomycin resistance in G418 containing media and incubated for 5 days at ST^'C,

35 10% CO2. Following initial selection, the cells are re-fed with fresh media containing G418

and incubated for 5-6 days. After final selection, the cells are stained with Commassie blue
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for colony detection. The titer ofthe sample is determined from the number of colonies, the

dilution, and the vohime used.

Figure 12 demonstrates that storage in lyophilized form at -20''C to

refrigerator temperatures retains simOar viral activity as a recombinant retrovirus stored in

5 liquid at -80 to -20»Cpennitting less stringert temperature comrol during storage.

B. Mannitol Formulation ofa Recombinant H«»nyv^^p

The recombinant retrovirus utilized in this example was purified as described

10 in Example 1OA.

The formulation buffer contaimng mannitol was prepared as a 2X
concentrated stock sohition. The formulation buffer contains 25 mM tromethamine, 35 mM
NaCl, 2 mg/ml arginine, 10 mg/ai HSA and 80 mg/ml mannitol at a final volume of 100 mis

at a pH 7.4.

^ 5 The purified recombinant letroviius is formulated by adding one part mannitol

formulation buflfer to one part S-500 purified recombinant retrovirus. The foiroulated

recomUnant retrovirus can be stored at this stage at -70*C to -80''C or dried.

The formulated retrovirus is dried in an Edwards Refrigerated Chamber

(3 ShelfRC3S unit) attached to a Supermodulyo 12K fi«eze dryer. When the freeze drying

20 cycle is completed, the vials are stoppered under a vacuum following nitrogen gas bleeding

to 700 mbar. Upon removal, vials are crimped with aluminum seals.

In the given mannitol study, fomiulated liquid product was stored at both -80

"C and at -20''C in cycling freezers. The viral infectivity of these samples were compared to

the viral infectivity of lyophilized samples. Figure 13 The lyophilized samples were stored at

25 -20''C, refijgo^or temperature and room temperature. Activity of the samples upon

reconstitution are determined using the titer assay described in Example 1OA.

Rgurel3 demonstrates that storage in lyophilized form at -20°C to

refiigerator temperature retains significant viral activity as compared to recombinant

retrovirus stored in Uquid at .80''C or -20'C, permitting less stringent temperature control

30 during storage.

C. Trehalose Formulation ofa Recombinant Rft^vini«

The recombinant retrovirus utilized in this example was purified as described

35 in Example 1 OA.
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The formulation buflfer containing trehalose was prepared as a 2X

concentrated stock solution. The fomulation buffer contains 25 mM tromethamine, 70 mM

NaCl, 2.0 mg/ml arginine, 10.0 mg/ml HSA and 100 mg/ml trehalose at a final volume of

100 mis at a pH 7.2.

S The purified recombinant retrovirus is formulated by adcfing one part

trehalose formulation buffer to one part S-500 purified recombinant retrovirus. The

formulated recombinant retrovirus can be stored at this stage at -70*C to -SO'^C or dried.

The formulated retrovirus is dried in an Edwards Refiigerated Chamber

(3 ShelfRC3S unit) attached to a Supermodulyo 12K fi^eze dryer. When the fi^eeze drying

10 cycle is completed, the vials are stoppered under a vacuum following nitrogen gas bleeding

to 700 mbar. Upon removal, vials are crimped with aluminum seals.

In the given trehalose study, formulated liquid product was stored at both -80

and at -20'*C in cycling freezers. The viral infectivity of these samples was compared to

the viral infectivity oflyophilized samples. Figure 14. The lyophilized samples were stored at

15 -20''C, refiigerator temperature and room temperature. Activity of the samples upon

reconstitution are determined using the titer assay as described in Example 1 OA.

Figure 14 demonstrates that storage in lyophilized form at -20*'C to

refrigerator temperature retains siimlar viral activity as compared to recombinant retrovirus

stored in liquid at -80X to -20°C permitting less stringent temperature control during

20 storage.

Mral infectivity of liquid formulated recombinant retrovirus samples stored at

-80°C was compared to viral infectivity of lyophilized formulated recombinant retrovirus

stored at •20''C. Initially, a bulk of recombinant retrovirus was received and formulated in

four different ways as shown below. The formulated recombinant retrovirus was then frozen

25 in bulk for 1.5 months subsequent to being quick tiiawed and freeze dried. Positive controls

were stored at -80**C for comparison witfi lyophilized samples which were stored at -20°C

after freeze-drying. The formulations are listed below:

Mannitol

Lactose

SuCTOse

Sugar

Concentration

Human

Buffer Senun

ConcentnUion Salt Arginine AJbumin

{nM Concentration Concentradon Concentration

Formulation (mg/ml) troniehaminc) (mMNaCl) (mg/nJ) (mg/ml

40

40

50

25

25

25

25

75

60
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Tielialose ^ 25 60 1 s

In the graphs of Figure 15, the y-axis on each of the 4 graphs (A, B, C, D)
represent the normalized titer. At an initial time point after lyophilization, t = 0, a titer value

was established for both the ^O'C liquid sample and the -ICC lyophilized sample. At each

5 time poim of the stability study, the titer obtained was divided by the zero time poim titer

vahie and the% oforiginal entered onto the grq>h.

The data demonstrates that post-lyphilization activity is maintained in the

lyophilized sample (stored at -20»C) relative to the Uquid sample (stored at -SOX). The
formulated lyophilized recombinant retrovirus was stored in a -20*C freezer (a frost-free

10 cycling freezer). Comparison to the formulated h'quid recombinant retrovirus stored at -80"

C indicates the lyophilized form permits less stringent control ofstorage conditions.

From the foregoing, it will be appreciated that, although specific embodiments
ofthe invention have been described herein for purposes of iDustration. various modifications

may be made without deviating from the spirit and scope ofthe invention. Accordingly, the

15 invention is not limited except as by the ^>pended claims.
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SEQUENCE LISTING

(1) GENERAL INFORMATION:

(i) APPLICANT: CHIRON CORPORATION

(ii) TITLE OF INVENTION: COMBINATION GENE DELIVERY VEHICLE

(iii) NUMBER OF SEQUENCES: 25

(iv) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: Chiron Viagene Inc.

(B) STREET: Intellectual Property - P-0 Box 8097

(C) CITY: Emeryville
(D) STATE: California
(E) COUNTRY: USA
(F) ZIP: 94662-8097-

(V) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS

(D) SOFTWARE: Patentin Release #1.0, Version #1.25

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER: PCT - Unassigned

<B) FILING DATE: Even Date Herewith
(C) CLASSIFICATION:

(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME:KruBe, Nomiah J.

(B) REGISTRATION NUMBER: 35,235
(C) REFERENCE/DOCKET NUMBER: 1133.500

(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: (510) 601-3520
(B) TELEFAX: (510) 655-3542

(2) INFORMATION FOR SEQ ID NO:l:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 53 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS : single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1:

CGAAGCTTAA GCTTGCCAT6 GGCCACACAC GGAGGCA6GG AACATCACCA TCC

(2) INFORMATION FOR SEQ ID NO: 2:

<i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 52 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

CCTCGAGCTC GAGCTGTTAT ACA6GGCGTA CACTTTCCCT TCTCAATCTC TC 52
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(2) INFORMATION FOR SEQ 10 NO: 3:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 52 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:

CCTCGA6CTC GAGGCCATGG GCCACACACG GAGGCA6GGA ACATCACCAT CC

(2) INFORMATION FOR SEQ ID NO: 4:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 52 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:

CGG6CCCGGG CCCCTGTTAT ACAGGGCGTA CACTTTCCCT TCTCAATCTC TC

(2) INFORMATION FOR SEQ ID NO: 5:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 35 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5:

CTCGAGCTCG AGGCACCAGC ACCATGCAAC TTTTT

(2) INFORMATION FOR SEQ ID NO: 6:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6:

CTACTAGATC CCTAGATGCT GGATCTTCC

(2) INFORMATION FOR SEQ ID NO: 7:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
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(xl) SEQUENCE DESCRIPXZONs SBQ ID NO: 7:

GGAAGATCCA OCATCTAGGG ATCTA6TA6

(2) INFORMATION FOR SEQ ID NO: 8:

(i) SEQUENCE CHARACTERISTICS

t

(A) LENGTH: 26 base pairs
(B) TYPE^ nucleic acid
(C) STRANDEDNBSS: Single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8:

6GGCGATATC AAGCTTATCG ATACC6

(2) INFORMATION FOR SEQ ID NO:9:

<i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 19 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:9:

AATACGACTC ACTATAGGG

(2) INFORMATION FOR SEQ ID NO: 10:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 17 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10:

ATTAACCCTC ACTAAAG

(2) INFORMATION FOR SEQ ID NO: 11:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 34 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:11:

CCTCGACCTC GA6CTTGGGT GGCTTTGGGG CATC

(2) INFORMATION FOR SEQ ID NO: 12:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 17 base pairs
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(B) TYPE: nucleic acid
(C) STRAND£DNESS : Bingle
(D> TOPOLOCyj linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO; 12:

ATTACCCCTC ACTAAAG

(2) INFORMATION FOR SEQ ID NO: 13:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13:

TAATAAATAG ATTTAGATTT A

(2) INFORMATION FOR SEQ ID NO: 14:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 35 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14:

GCCTCGAGAG CATGAAATAT ACAAGTTATA TCTTG

(2) INFORMATION FOR SEQ ID NO: 15:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 35 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15:

GAATCGATCC ATTACTGGGA TGCTCTTCGA CCTGG

(2) INFORMATION FOR SEQ ID NO: 16:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 39 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16:

GCCTCGAGCT CGAGCAGGAT GTGGCTGCAG AGCCTGCTG
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(2) INFORMATION FOR SEQ ID NO: 17:

<i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 39 baoe pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS : single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17:

GCATCGATCG ATGTCTCACT CCTGGACTGG CTCCCA6CA

(2) INFORMATION FOR SEQ ID NO: 18:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO! 18:

ATAAATAGAA GGCCTGATAT G

<2) INFORMATION FOR SEQ ID NO: 19:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 35 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19:

GCCTCGAGAC AATGTACAGG ATGCAACTCC TGTCT

(2) INFORMATION FOR SEQ ID NO: 20:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 35 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20:

CAATCCATTT ATCAAGTCAG TGTTOAGATO ATGCT

(2) INFORMATION FOR SEQ ID NO: 21:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 35 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
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(xi) SBQUENCE DESCRIPTIONS SEQ ID NO: 21:

TATATCTCGA GATCACGTAC AT6ATTTTAG GCTT6

(2) INFORMATION FOR SEQ ID NO: 22:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 40 baee pairs
(B) TTPE: nucleic acid
<C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22:

TATATATCGA TTCAAGGCAT TTTCTTTTCA TCAATAAAAC 40

(2) INFORMATION FOR SEQ ID NO: 23:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 655 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(iii) HYPOTHETICAL: NO

(V) FRAGMENT TYPE: N-terminal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23:

CACCAGCAAC ATGCAACTTT TTCACCTCTG CCTAATCATC TCTTGTACAT CTCCCACTGT 60

TCAAGCCTCC AAGCTGTGCC TTGG6TGGCT TTGCGGCATG GACATTGACC CTTATAAAGA 120

ATTTGGAGCT ACTGTGGAGT TACTCTCGTT TTTGCCTTCT GACTTCTTTC CTTCCGTCAG 180

AGATCTCCTA CACACCGCCT CAGCTCTGTA TCGGGAAGCC TTAGAGTCTC CTGAGCATTG 240

CTCACCTCAC CACACCGCAC TCAGGCAAGC CATTCTCTGC TGGGCGGAAT TGATGACTCT 300

AGCTACCTGG GTGGGTAATA ATTTGGAAGA TCCAGCATCT AGGCATCTAG TAGTCAATTA 360

TCTTAATACT AACATGGGTT TAAAAATTAG GCAACTATTG TGGTTTCATA TATCTTGCCT 420

TACTTTT6GA AGAGAGACTG TACTTGAATA TTTGGTATCT TTCGGAGTGT GGATTCGCAC 480

TCCTCCAGCC TATAGACCAC CAAATGCCCC TATCTTATCA ACACTTCCGG AAACTACTGT 540

TGTTAGACGA CGGGACCGAG GCAGGTCCCC TAGAAGAAGA ACTCCCTCGC CTCGCAGACG 600

CAGATCTCCA TCCCCGCGTC GCAGAAGATC TCAATCTCGG GAATCTCAAT CTTAG 655

(2) INFORMATION FOR SEQ ID NO: 24:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid



WO96ni015 PCT/US95/16964

-132-

(C) STRANDEDNSSS: Bingle
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: CDNA

(iii) HYPOTHETICAL: NO

(V) FRAGMENT TYPE: N-terminal

(xi) SEQUENCE DESCRIPTION: SEQ ZD NO:24:

CCGCATCAA6 GGATCTAGTA G
21

(2) INFORMATION FOR SEQ ID NO: 25:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 22 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
( D ) TOPOLOGY : 1inear

(ii) MOLECULE TYPE: cDNA

(iii) HYPOTHETICAL: NO

(v) FRAGMENT TYPE: N-terminal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:25:

CCAGCATCTA GGGATCTAGT AC
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Claims

1. A method of introducing nucleic acid molecules to an animal

comprising administering a composition comprising two or more gene delivery vehicles to an

animal, each of said gene delivery vehicles containing a nucleic acid molecule not naturally

contained within its corresponding gene delivery vehicle, in combination with a

pharmaceutically acceptable carrier or diluent.

2. A method of introducing nucleic acid molecules to an animal

comprising administering a composition comprising two or more gene delivery vehicles to an

animal, each of said gene delivery vehicles directing the expression of at least one substance

in host cells containing said gene delivery vehicles, the substance not naturally expressed by

its corresponding gene delivery vehicle, said gene delivery vehicles a) collectively directing

the expression of at least two different substances, or b) directing the expression of at least

one substance wherein said gene delivery vehicles differ in one or more biological functions,

in combination with a pharmaceuticaUy acceptable carrier or diluent.

3. A method of introducing nucleic acid molecules to an animal

comprising administering a composition comprising two or more gene delivery vehicles to an

animal, each of said gene delivery vehicles containing at least one biologically active nucleic

acid molecule wherein such biological activity is not naturally present in its respective gene

delivery vehicle, said gene delivery vehicles a) collectively containing at least two different

biologically active nucleic acid sequences, or b) containing at least one biologically active

nucleic acid sequence wherein said gene delivery vehicles differ in one or more biological

functions, in combination with a pharmaceutically acceptable carrier or diluent.

4. A method of introducing nucleic acid molecules to an animal

comprising administering a composition comprising two or more gene delivery vehicles to an

animal, at least one of said gene delivery vehicles directing the expression of at least one

substance not naturally expressed by its corresponding gene delivery vehicle, and at least one

of said gene delivery vehicles containing at least one biologically active nucleic acid sequence

not naturally contained within its corresponding gene delivery vehicle, in combination with a

pharmaceutically acceptable carrier or diluent.

5. A method of introducing nucleic acid molecules to an animal

comprising administering two or more gene delivery vehicles to an animal at the same time
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and same site via a single administration device, each of said gene delivery vehicles directing

the expression of at least one substance in host cells containing said gene delivery vehicles,

the substance not naturally expressed by its corresponding gene delivery vehicle, said gene

delivery vehicles a) collectively directing the expression of at least two different substances,

or b) directing the expresuon of at least one substance wherdn said gene deHveiy vehicles

diflfer in one or more biological functions, m combination wth a pharmaceutically acceptable

carrier or (Uluent.

6. A method of introducing nucleic acid molecules to an animal

comprising administering a composition comprising two or more gene delivery vehicles to an

ammal, the method comprising the following steps:

a) separately preparing a first gene delivery vehicle and a second gene

delivery vehicle, each of said gene delivery vehicles directing the expression of at least one

substance in host cells containing said gene delivery vehicles, the substance not naturally

expressed by its corresponding gene delivery vehicle, said gene delivery vehicles i)

collectively directing the expression of at least two diflferent substances, or ii) directing the

expression of at least one substance wherdn sdd gene delivery vehicles differ in one or more

biological functions,

b) combining said first gene delivery vehicle and said second gene

delivery vehicle with a pharmaceutically acceptable carrier or diluent to provide said

composition; and

c) administering said composition to the animal

7. The method of any one of claims 1-6 wherein said pharmaceutically

acceptable carrier or diluent enhances the administration of said gene delivery vehicles.

8. The method of any one of claims 1-6 wherein said substance or said

biological activity is not exhibited in said animal prior to said administration.

9. The method of any one of claims 3 or 4 wherein said biological

activity is not exhibited in said host cells prior to administration.

10. The method of any one of claims 3 or 4 wherein said biological

activity complements a biological activity present in said host cells prior to administration.
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11. The method of any one of claims 3 or 4 wherein said biological

activity activates a biological activity that had not been exhibited in said host cells prior to

administration.

12. The method of any one of claims 3 or 4 wrherein said biological

activity replaces a biological activity exhibited in said host cells prior to administration.

13. The method of any one of claims 3 or 4 wherein said biological

activity suppresses a biological activity exhibited in said host cells prior to administration.

14. The method of any one of claims 2, 5 or 6 wherein said composition

comprises a first gene delivery vehicle directing the expression of an antigen stimulator and a

second gene delivery vehicle directing the expression of a cytokine or an immune activating

protdn.

15. The method of any one of clwms 2, 5 or 6 wherein said composition

comprises a first gene delivery vehicle directing the expression of an enzyme capable of

activating a conditionally lethal gene product and a second gene delivery vehicle directing the

expression of a cytokine.

16. The method of any one of claims 2, 5 or 6 wherein said gene delivery

vehicles direct the expression oftwo or more antigens.

17. The method of any one ofclaims 2, 5 or 6 wherein at least one of said

gene delivery vehicles directs the expression of a systemically distributed gene product.

18. The method of claim 17 wherein said systemically distributed gene

produa is a protein.

19. The method of any one of claims 2, 5 or 6 wherein at least one of said

gene delivery vehicles directs the expression ofa locally distributed gene product.

20. The method of claim 19 wherein said locally distributed gene product

is a protein.
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2L The method of any one of claims 2, 5 or 6 wherein at least one of said

gene delivery vehicles directs the expression of an immune suppressing protein.
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